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HIGH DENSITY IMMOBILIZATION OF NUCLEIC ACIDS 

RELATED APPLICATIONS 

5 For U.S. National Stage purposes, this application is a 

continuation-in-part of a U.S. application filed as attorney docket no. 
7352-2001B on October 8, 1997, to Maryanne J. O'Donnel.-Maloney, 
Charles R. Cantor, Daniel P. Litt.e and Hubert Koster, entitled "Methods 
of High Density immobilization of Nucleic Acids and Uses Thereof" which 
10 is a continuation-in-part of U.S. application Serial No. 08/746,055, filed 
November 6, 1996, to Maryanne J. O'Donnell-Maloney. Charles R. 
Cantor and Hubert Koster, entit.ed "High Density Immobi.izat.on of 
Nucleic Acid Molecules". This application is also a continuation-in-part of 
U S application Serial No. 08/746,055, U.S. application Serial No. 
15 08/786,988, fi.ed January 23, 1997, to Daniel P. Litt.e, Maryanne J. 
O'Donnell-Maloney, Charles R. Cantor and Hubert Koster, entitled 
"Systems and Methods for Preparing and Analyzing Low Volume Analyte 
Array Elements" and U.S. application Serial No. 08/787,639, filed 

, Januarv 1997. to Daniel P. Little and Hubert K5ster, entitled 

20 "Systems and Methods for Preparing Low Volume Analyte Array 

Elements". For international purposes, benefit of priority is cla.med to 
each of these applications. 

This application is related to U.S. Patent Nos. 5,547,835, 

5,622,824, 5,605,798. 

Where permitted the subject matter of each of the above-noted 
patent applications and patents is herein incorporated in its entirety. 
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BACKGROUND OF THE INVENTION 

In the fields of molecular bioloqy and hirw, • 
the diagnosis of disease „ , b,oc h^,stry, as well as in 

B '«yerse oot blot procedure (Saiki R v u/ . L 

hvbr Wi z ation ( SBH, (Drrna nac. R Labat , " ^ ** * 

«■ <198 9) Senom;fcs . 4 114 . 28 ; L ! at « CrkvenMov. 

Radosavljevic D l.^ 7 „ ' W ^ T -< 

of u„ known DNA is applied t „ the array J"' ?™ A ""P* 
oWed and analyzed t0 produce h " d ^-«on pattern is 

Motion simultaneously. An "I*™ b ' ,S 07 S, ~ 

positional SBH ,P S BH, h. „ " "'^ terTOd 

Dn « r ®oHJ, has been develoDed «/hi«k 

a„ Camor , C . R (1994i Natj A ^ ^ ^Sano, , . Sm „ h , 

:r to comwne a psbh — -~ 

detecta le qUenC ' n9 * Pr01iUCe "*»*■ •««« 

Stable, for example by gel elect „ oresis , Fu D B " 

* «star. H., Smith, C.L and Cantor c R n l . ' N ' E " 



For the arrays utilized in these schemes th„. 
—a whicn must be me( for ~ - " Umber 

—zed «« « be stable and no, - 
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. * thp riensitv of the immobilized 
washing o, anaiys,s. The d s«v ^.^^ There 
oligodeoxynucleotide must be suftaen, ^ 
mu st he minima, non-specific h,nd,n B oU e ONA < 
addition, the immolation process -"-^J^ for enzymatic 

solid phase s Y ,he ,, Fo _ ^ , terminus . 

• . «h with amino acids (Running, J- A., ana ura 
functionalized with ammo ^ ^ c/£/s 

. . p 976-277), (Newton, C. R., et ai., 
Biotechniques, 8, 2/o ^' _ (1 995) >W- 

2!, 1155 , 1 6 2 .MN*Horov. T.T.. and £~™< 
„ 7 201-209), carboxyl groups, (Zhang, • •> 
15 w L 9 3929-3933). epoxy groups (Lamture, J.B. et a.., 

Nucl . Aclds . ^;^ 3929 nh (Eggers , M.D.. et ai., (1994) 

(1994) Nucl. Adds. Res., 22, (RasmuS sen, S.R., et al., 

• 17 516-524) or amino groups (Rasmussen, o 

(199 i, ^a/. flfec/»«n.. 198, 138 1 > . ications , the 



20 methods were quite success., ^ P approximat e.y 20 fmo. of 

density of oligonucleotide bound (maximum of PP 

millimeter of surface) (Lamture, J.B., et ai., v 
DN A per square millimeter ot b 

, w « fiS 22 2121-2125), (Eggers,M.D.,etaU (1994) 

L. — - - - - - *— ■ pack,n9 

M C a method ta achieving higher 
achieving higher densities oi * 
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5 ~, „ the need p 2 mP ' 6 ' ' n - «* gnostic 

—ate and expedl(e , he .oo,s the, m 

- • - -en, XT - — . At 

~ of e,pe d „i ng the ana|ys . of J^ ^^ " * e 
» Particularly , rue for „ mplex t'°^m,cal structures. This 

10 one hun d re d I ~ ««*. - -prise. „ f at 

^eoific biochemical f unc0on , SPeC "' C """^ which Mfft , 

" « some = ases even «<* « stains witb a,tere d 

15 More, ha „t ^ ^T*^ ^ • 

<" «**«. S ro w i„ g evince ~ —V 

P-*spose en individua , „ ••«* ONA seances may 

Abates, er,e, iosc(erosjs _ ^ ~ " 9ene,ic leases, sueb as 

— ^, t be a „ alys :; ~T di ~ 

h Pr0mis « '0 YWd informal fundam , " , ' CU " ° Ut l»Mt 
«• «"e a ,eni„ 9 diseases. ^ * ,he *~ of many 

Unfortunately, the analysis of nu a 
— ome d ue t0 size ,„„ "** " ^ "^"^ 

P0 ding and no ' *» gnomic DNA inches both 

26 ™*one, technics , 0 r anal ' h ^ ^ * «*, 
»— o, source ma^ , ^ ^ " - 

UNA diagnostics. 
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For example, scientists have developed robotic devices that 
eliminate the need for manual pipeting and spotting by proving a 
robotic arm that carries a, its prot end a pin tool device tha, cons,sts 
o, a matrix o, pin Cements. The individual pins of the matrix are spaced 
, apart from each other ,c allow each pin ,0 be dipped within a we of = 
microtiter plate. The robotic arm dips the pins into the w* of the 
microtiter plate thereby wetting each of the pin elements with sample 
materia,. The robotic arm then moves the pin tool device to a posmon 
above a targe, surface and lowers the pin tool to the surface contacng 
10 the pins against the target .0 form a matrix of spots thereon 

Accordingly, the pin tool expedites the production of samples by 
dispensing sample material in parallel. 

Although this pin tool technique works well to expedite the 
production of sample arrays, it suffers from several drawbacks. F.rst 
15 during the spotting operation, the pin too, actually contacts the surface 
o, the substrate. Given that each pin tool requires a fine pen, ,n order 
that a small spot size is printed onto the target, the continuous contact 
_of the pin tool against the target surface will wear and de form the *™ 
and delicate points of the pin .00,. This leads ,0 errors which reduce 

20 accuracy and productivity. 

An alternative technique developed by scientists employs chem,ca. 
attachment of sample materia, .0 the substrate surface. In one P art,cular 
process, DNA is synthesized in situ on a substrate surface to produce a 
set of spatially distinct and diverse chemical products. Such techraques 
26 are essentially photolithographic in that they combine sol,d phase 

chemistry, photolabile protecting groups and photo activated lithography. 
Although these systems work we,, .0 generate arrays of sample matenal. 
they are chemically intensive, time consuming, and expensrve. 
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lt is further troubling that neither of the above t,rh • 
Efficient contro, over the volume of sample m ^ ^ ^ 
onto the surface of the substrate. Consequent ' 
failure of these techniques to am h ^ ari8e ff ° m the 

5 and accurately rep J uce ! " " ^ ^ W6 " ~' 

*■ Problem, ^ ^ " " °~ 

Preparation process will often dknon*- 
amounts nf * dispense generous 

unts of reagent materials. Althounh th;. 

-* , „ wastefu , r :r::rT 

-Pensive and of limited aV ailabi,i, y . Wh ' Ch are «*" 

,0 Even after the samples are D ™,»- • 

the need for sophisticated d i * **" mUSt c °" fr <™ 

wpnisticated d.agnostic methods to analv™ th. 

«mp,es. To this end. scientists emp,„ y several tel ^ 

identifying materials such as DMA L ** 

« * identified by ~ — 

« » «* se qu e„ce to he identified. Jc He ? " COmP ' ememarV 
labeled with , sensitive Kor> ^ f VP ' Ca " V ' the nucle 'e acid fragment is 

foreseen, or cheml *" be ""'^ 

ent. or chermlummescent. Although thes, *w,„- 

well, ,be y do suffer from certain drawbacks R d 

Wdous and the signais ,„ ey produce J* * 

Prone procedure. Consequent th C ° nSUming error 

i5 Therefore it is an „hi ♦ u error prone - 

. -ids mcecuie;::: suppor,s ,o * -*« °< 



aNS0oc,D: <«O- «200aOA2, > 
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SUMMARY OF THE INVENTION 

Processes for immobilizing a high density of nucleic acids on a 
surface, which are based on rapidly reacting a free thiol group of a 
modified surface or modified nucleic acid, under appropriate condit,ons, 
5 with a thio.-reactive functionality of the other component (surface or 
nucleic acid) are provided. This reaction may be direct or through a 
bi f unctiona. cross-linking reagent. In a preferred embodiment, the 
modified nucleic acid includes a thiol group and the cross-linking reagent 
contains an iodoacetyl group. 
10 Solid supports to which are linked "beads" which are linked to 

nucleic acid molecules are also provided. The beads are no, necessanly 
spherical, but refer to particles that are conjugated to the solid support to 
.hereby increase the surface area of the solid support and/or to prov.de 
an alternative surface for conjuation of nucleic acids or other molecules. 
15 The beads are preferably of a size of about 1 >n to 100 „m. 

Compositions containing =. least one bead conjugated to a solid support 
and further conjugated to a, least one molecule, particularly a nucle,c 
ac id are provided. The bead is formed from any su itable matrix matenal 
known to those of skill in the art. including those tRatW^ettabte-and- 
20 nonswellable. The solid support is any support known to those of sk.ll ,n 
the art for use as a support matrix in chemical syntheses and analyses. 
In such instances, the nucleic acid is linked to the "bead" via a suifur 
atom as described herein. In certain embodiments, the beads may be 
conjugated on the solid support in wells or pits on the surface, or the 
26 beads may be arranged in the form of an array on the support. 

Preferably the bead is made of a material selected from materials 
that serv as solid supports for synthesis and for assays including but 
not limited to: silica gel, glass, magnet, polystyrene/1% divinylbenzene 
resins, such as Wang resins, which are Fmoc-amino acid-4-(hydrox V - 
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me,hy, )phenoxynlethy|copoly(stvrene i% 

( ,c„,oro,ritWch,oride copolysxv J_ DVB ' 

• — r~ r;r : so,d , under ,he — 

tr*^ ~ 9<"ose gel, such as gels so d under th* 

szsr* ,Pharmaciai which is a hyd — 

Polysacchande-type agarose gel, and other such resins and „ 

supports known to those of ski „ in the art (n a ™ S °" d Phase 

the bead is of a size in th " embodi ™nt, 

or a s.ze In the. range of about 0. 1 to 500 „m m 
10 Drefprahiw =k „ - u fJm > m °re 

preferably about 1 to 1 00 /mi, in diameter. 

The solid support is in any desired form ■ 

^: a bead ca pi„arv n„t but not 

' ca P" ,a ry, Plate, membrane, wafer Mml , • 

P«3. an array * pits or ^ ^ ^ ^ ° mb ' • „ ttn 
'nown,o,hoseo,s k i„in tn eart. e " S ~'~ies and forms 
15 In another aspect, kits for immobilized nucleic acirt* 

-lubie support are provide. ,n one embodC .1 
« appropriate amount of: i, a thiol-reactive cross-Wno 
a surface-modifying reagent for modifying a ^ ^ 

which can react wi ,h the thioi-raacive Iss nt 
» options incude an insoiubie support eT so^ T" ^ * °" 
microbeads or silicon wafers for Z 

r - - :r ecids - Th ° 

for use. "urrers as well as instructions 

Use of these processes for immobilizing nucleic acid m . , 
25 0nt0 a support results in at least 7 
tnan previously reported techniques The dt ^ 
Particularly useful for forming n c e ic ac I T " 
spectrometry. " ' aUnCh,ng pads f °' ™ss 
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The nucleic acids immobilized on a surface using the methods 
provided herein can be used in a variety of solid phase nucleic acd 
chemistry applications, including bu, no, limited; to nucleic acid synthes.s 
ichemical and enzymatic), hybridization and/6, extension, and ,n 
, diagnostic methods based ,n nucleic acid detection and polymorphism 
analyses ,see. ^. U.S. Paten, Nor5.60S.798,. Accordingly, further 
provided herein are methods of reacting nucleic acid molecules ,n wh.ch 
he nucieic acid modules are immobilized on a surface either by reactrng 
. ,hio,-con,ainin g deriva,ive o, the nucleic acid molecule w„h an rnsoluble 
10 support containing a thiol-reactive group or by reacting a ,hio,.con,a,n,ng 
i„so,ub,e supper, with a thiol-reactive group-containing denvatrve o the 
nucleic acid molecule and thereafter further reacting the immobrlrzed 

nucleic acid molecules. 

,„ a particular embodiment of the methods of reacting rmmobrl.zed 
,B nucleic acids, the immobilized nucleic acid is further reacted by 

hybridizing with a nucieic acid that is complementary to the rmmob.Uzed 
nucleic acid or a portion thereof. Such hybridization reactions can be 
^ed f detect the presenc e of a specific nucleic acid in a sample Th,s 

is of~particular use in the detection of pathogens in a sample, suclras-a- 
20 biological sample, that may be employed in the diagnosis of diseases. 

Therefore, also provided herein are methods of detecting a target 
nucleic acid in a sample wherein a thiol-containing nucleic acd 
complementary to the target nucleic acid is immobilized to a surf ace 
using the processes described herein and the sample is contacted wrth 
25 the surface under conditions whereby targe, nucleic acid in the sample 
hybridizes to the immobilized nucleic acid. The hybridized target nucle.c 
acid may be detected using a variety of methods, the preferred me,hod 
being mass spectrometry. Further provided herein are methods of 
detecting alterations (s^. deletions, insertions and conversions) ,n the 
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nucleotide sequence of the target nuclei, acid . 

<™ <"* expected moiecuiar „e 1 re H """^ m °' e ° U ' ar 

-taining thioi-react J^u7 L » ' S ' mm ° bfe " » * «*» 

- oiigonucieotide primer contains . 3 , ~ ^ ~°*» * wn 'ch 
hurting product „ reduMd ' * W»g. and the 

t hl „,. comainin9 nucleic a j:^cr:? nucieic 8cw - 

thiol-reactive groups and „ c °'" Md ' "*» containing 

« - * Omenta, to the irnn^T "** 
thereof. Hybridization nt *u • d 0r a portion 

acid may be , abeM with , read ~ -^-stranded 

radioactive or chemiiuminescen, Iabe ,s I t 
20 "ngie-strand* nudeic ac|d , s ' • emhodin™, , ne 

» another em b „di me „, of the TelT I SP ~ ,rV - 
~*> aclda, the i m mo bte ed nuj^l"** 9 imm ° ted 
of a nucleic acid tha, is hvhridi, „ . ! reaC,e " by e « ensi °" 

Person thereof E* L * *" im ™ bfed ™*c acid or a 

txtens,on tactions such as these c»„ h„ ., 

25 r mp,e - in * -~, dna .ee l , 8 r ': 

.o an ,„so,u b ,e support using the processes desc le d e 7 " 

insoluble support containing 



BNSOOC, *<*o « 20020A2I> 
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c and hybridized with a single-stranded nucleic acid 
carrying out DN A synthesis in the presence of one or more 

did6 T" = nudeic acid primer that is hyhridized to a nucieic 
5 Extension o. used m the 

„ Z. i — »-».— 



in a ta get nucleic acid seguence provided herein, the target nuc,e,c acd 

25 reason in „hich an oligo^o, == J^l*. 
linkage. The resulting product is reduced g 
t arge, nucleic acid. The thioi-containing target nuc,e,c «- 

„hilized to a surface containing thiol-reactive groups and the smgle 
rrZ— V nucieic acid Is hyhridi.d thereto and extended. 



WO 9*20020 

PCT/US97/20195 



-12- 

ln 8 further embodiment of the methnH , 
a -get nuCeic acid stance p J^ ~ " aiterations in 

-id commentary , 0 , he a ^gie-stranded B||dt|c 

though a Mage tha, in c, ud es a *" " ""»<*- to a surface 

- - - a Ceavahie iinxer Z^ ^ZT """" 

acid to contacted with the surface , „ ' ar9et 
N— . w„ h ,he ta ™J^^r ta - —V the target 
■™»«~ ^stranded -u^l"^T* «"" ^ 
to , he 3 - end o, the rno.cu, 0 * addi,i0 " °< 
'° <ou W e.stranded moiecuie is denature nd £"7 «» 
™°bifeed extension product is ciele " 

°< - W«. The extension p, dutTc h ^ ""^ " ** >°*«°" 
— -ectrometrv to deternle w ^ * 

«— expected of a sequence eon-. Chara ^"«ics differ , rom 

IB nucieicaoid. qUen « ^P'ementary ,„ , he immobteed ^ 

containing „ U c,eic acids and a W^^""^ 
0 reaMiV : — « a .hioi-containin; ^ " ~" " W * 

» an aiternative method of toJ^JT" " herei "- *> 

; — • as provided H^"^-^ * °" ' *«~ °< 

functional positioned in an ordered °° n,ainin9 thio1 
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Further provided herein are systems and methods for preparing a 
sample for analysis, and more specifically to systems and methods for 
dispensing low volumes of fluid material onto a substrate surface for 
generating an array of samples for diagnostic analysis. Systems and 
5 methods provided herein for preparing arrays of sample matenal are 
generally less expensive to employ and conserve reagent materials while 
allowing for the rapid production of highly reproducible sample arrays. 

Provided herein with respect to systems and methods for 
dispensing low volumes of fluid material onto a substrate surface are 
10 serial and parallel dispensing tools that can be employed to generate 
multi-element arrays of sample material on a substrate surface. The 
substrate surfaces can be flat or geometrically altered to include wells of 

receiving material. 

In one embodiment, the tool is one that allows the parallel 
15 development of a sample array. To this end, the tool can be understood 
as an assembly of vesicle elements, or pins, wherein each of the p.ns can 
include a narrow interior chamber suitable for holding nanoliter volumes 
of fluid. Each of the pins can fit inside a housing that itself has an 

: interior chamber. The interior h^ing-Can-be-connected-to-a-pr-essur.e— 

20 source that will control the pressure within the interior housing chamber 
to regulate the flow of fluid through the interior chamber of the pins. 
This allows for the controlled dispensing of defined volumes of fluid from 
the vesicles. 

In an alternative embodiment, the tool includes a jet assembly that 
25 can include a capillary pin having an interior chamber, and a transducer 
element mounted to the pin and capable of driving fluid through the 
interior chamber of the pin to eject fluid from the pin. In this way, the 
tool can dispense a spot of fluid to a substrate surface by spraying the 
fluid from the pin. Alternatively, the transducer can cause a drop of fluid 
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«o extend from the capiliary s0 that fluid t ,„ 

by contacting the drop to the surface o, the substrate 

disoe„ FUrther ' ,0 °' ^ ?n 3rraV °' «*• ^ 
d.spensmg sample material in a series of steps whi,„ 

h . further embod,ment. the prepared sample arrays are passed to a 

nnm» 

., „„, „ „„,„ „, ^ J •« »■ 

» ~r^;::rrr•■ ; ■••" 
y Q,s Pensing nanovolumes of fluid fmm *k 
«*. —ng vesicles when the ,1 i 1 d 
Mding chambers o, the vesicles. As d^L h ** ** 

» Sensing e,eman, to dispense nano o, m t 

- - substrate when the apparatus is Zl^T 

with the substrate. " d ,n re 9 ,st ™ion 

In one embodiment the fluid transmitting vesicle has an « 
proximal end and a distal tin „ ♦• u ° Pen 
(total t,p person that extends beyond the housing 
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bo „om portion when mounted within the apertures, in this way the 
open proxima. end can dispose the fluid holding chamber in flu,d 
communication with the interior volume when mounted with the 
apertures. Optionally, the plurality of fluid transmitting vesicles are 
5 lovably and replaceably mounted within the apertures o, the housing, 
or alternatively can include a glue seal for fixedly mounting the ves.cles 

within the housing. 

,n one embodiment the fluid holding chamber includes a narrow 
b0 ,e dimension* adapted for being filled with the fluid through capiilary 
10 action, and can be sized to ,i„ substantially completely with the flu.d 

through capillary action. ' 

ln one embodiment, the plurality of fluid transmitting ves.cles 
comprise an array of fluid delivering needles, which can be formed of 
metal, glass, silica, polymeric materia,, or any other suitable matenal. 
16 in one embodiment the housing can include a top portion, and 

me chanicaV biasing elements for mechanically biasing the plurality o, flu.d 
transmitting vesicles into sealing contact with the housing bottom 
por tion, in one particular embodiment, each fluid t ransmitting ves,cle has 
""a proximal end portion that includes a flange, and further inc^-sea, 
20 element disposed between the flange and an inner surface of 

bottom portion for forming a seal between the interior volume and an 
external environment. The biasing elements can be mechanical and can 
include a plurality of spring elements each of which is coupled at one end 
,o the proximal end of each of the plurality of fluid transmitting ves,cles. 
25 and a, another end to an inner surface of the housing top portion. The 
springs can apply a mechanical biasing force to the vesicle proximal end 

to form the seal. 

,n a further embodiment, the housing further includes a top 
portion, and securing element for securing * housing top portion to the 
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housing bottom portion. The serurinn a i 

of fastener-receiving aoertu ' ^ * ^ 

eceiving apertures formed within one of the too . w u 

P-ons of the housing, and a pllJra| , y , f faste ^ ^ ^ 
*. apertures for securing together ^ h^^^"" ^ 
•n one embodiment t he dispensing eJJScT P ° ni ° nS - 
P-sure source fluid,, coupied to the interior Z^ZT ' 
d'sposing the interior volume at a ^ ^ USmg for 

an embodiment wherein the , ^ C ° nditi ° n - 

trough capi„ ary -ides are fi lled 

10 controller that can v "t ^ « ^'^ 3 ~ 

volume of the h ^ S ° UrCe to *P~ the interior 

° f tHe h0US,n 9 at ^ing pressure conditions Thi, „ 
controller varyina e | Pmpnt t ^ "'-anions. This allows the 

Pressure co„Z„ I™ P ° S6 « • 

**. c^ the capi " ary aca ° n ,o " «" ** 

-der the co„,lr ' a I " *« 

2" Processing syst ! ° ""^ ~ 8 «" a -««■ 

9 System t0 P'ovde variable control over 
«o the interior ohamber o, , he housing "' eSSU '° 

proxJ: :: rzr ? r *— «* - ^ . 
- - - - ~ ^ c ;:; t: :: : :r — 

«"e proximal open end. Option*,*. 9 * at 

vesicles! wherein a fire, n PPari " US Mn have «*"■ 

—ere or . «* -Iding 

and a second portion including „ uid holding 
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chambers of a second size, whereby plural fluid volumes can be 
dispensed. 

In another embodiment, the dispensing apparatus can include a 
fiuid selection element that has a pressure source coupled to the housing 
5 and in communication with the interior volume for disposing the interior 
volume at a selected pressure condition/and an adjustment element that 
couples to the pressure source for varying the pressure within the interior 
volume of the housing to apply a positive pressure in the fluid chamber 
of each of the fluid transmitting vesicles to vary the amount of fluid 
10 dispensed therefrom. The selection element and adjustment element can 
be computer programs operating on a data processing system that 
directs the operation of a pressure controller connected to the interior 
chamber. 

In a further alternative embodiment, the apparatus provided herein 
15 is for dispensing a fluid in chemical or biological procedures into one or 
more wells of a multi-well substrate. The apparatus can include a 
housing having a plurality of sides and a bottom portion having formed 
therein a plurality of apertures, the walls and bottom portion defining an 

interior volume, a piurafityoTHuTaT^ 

20 the apertures, having a fluid holding chamber disposed in communication 
with the interior volume of the housing, and a fluid selection and 
dispensing means in communication with the interior volume of the 
housing for variably selecting am amount of the fluid loaded within the 
fluid holding chambers of the vesicles to be dispensed from a single set 
25 of the plurality of fluid transmitting vesicles. Accordingly, the dispensing 
means dispenses a selected amount of the fluid into the wells of the 
multi-well substrate when the apparatus is disposed over and in 
registration with the substrate. 
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'n ye, another .embodiment provided herein is a fluid dispensing 
apparatus for dispensing fluid in chemica, „. ^ » 
e o r m we|ls of a multjrw6/| substrat ^ tha( compr]ses 

an ir nS '° rmed ' herein 3 °' ' «» «* - -P 

Plura,„ y of fluid transmit vesicas. mounted within 

h 8 ;;rh": d holdin9 chamber sijed ,o ™« <* «- 
- u! o : chamber bein9 — ~ 

» s„g the p,ura,„y o, fluid transmitting vesicles , n , 0 sea , 
the housing bottom portion. 

surraceT 8 ' I"* 0 "' ^ PreParinS ^ ~ 

16 vo c e 8 M d6SCribed h9rein indUdS <* "° 

a ve s ole hev,n 9 an interior chamber containing a fluid, disposing the 

ves,c,e adjacent e f i,s, iocation on the surface o, the substrate 
centreing the vesse, for deiivering a nanoiiter voiume o, a fluid a, the 

T ;;: .; n of th ; — - - ~, « movi „ B the j z . 

e, of posruons ad.acen, to the surface substrate whereby fluid is 

Substrates empioyed during the general processes of preparina an 

:iiir e ~ described herei - - *— * ~ 

2B ler m! S T ma,eria ' M 85 haVin ° ^ »*~ *« <"*- 

To n r °7;; ur,aee ,or de,inina ,oca,bns ,o ' —** - «*. 

that can be ejected from the chambers of the vesicles Su,.h . h 

™* piastic. e membrane. p^itT 
J fted Mymer, as we,, as , substrate ,ha, is functional hemT, 
<-„ona„ 2 ed w„h beads, functionated with dendrite trees o, ^ 
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mat erial, or any combinations of the above or any similar suitable 
material for receiving the dispensed fluid. 

It is understood that in the general methods for preparing an array 
of sample materia, on a substrate surface described herein the apparatus 
5 can dispense both an analyte materia, as well as a support materia., such 
as a matrix material, that aids in the analysis 6f the analyte. To this end 
the methods provided herein can include the steps of depositing a matnx 
material onto the substance of the substrate. Further the methods can 
a ,so include a step of waiting a predetermined period of time to allow a 
10 solvent of the matrix materia, to evaporate. Once th. solvent of the 

matrix materia, has evaporated, the methods herein can include a step of 
ejecting a volume of analyte fluid into the evaporated matrix matenal to 
dissolve with the matrix materia, and to form a crysta.line structure on 
the substrate surface. !t is understood that this step of redissolv.ng the 
15 matrix materia, with the analyte materia, aids in the ana.ysis of the 

composition of the materia, during certain analytical processes, such as 

mass spectrometry. 

In an alternative practice, the methods herein can include a step of 

' dispensing a mixture that consisTsTrihTn^^ 

20 material, as we., as other materia, compositions. In this way the matnx 
and the analyte are delivered to the surface of the substrate as one 
volume of material. In a further step, the prepared arrays of sample 
materia, can be provided to a diagnostic too. for determining informal 
that is representative of the composition of the sample material. 
25 Once such diagnostic tool can include a mass spectrometer. The 

mass spectrometers can be time of flight mass spectrometers, fourier 
transform mass spectrometers or any other suitable type of mass 
spectrometer that allows the analysis of composition of the sample array. 



10 
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In one practice of «he methods, the step of providing a vesicle 
hav.no an mterior chamber includes the step of providing 

n:r y ,or causina ,iuw ,o — ^ - zzr 

Th s method can also .nclude ,he step of moving tne vesfc|e 
rastenz.ng the vesicle across the surface of the substrate to , 1 th 
array of sample material. the 

In an alternative practice of the methods, parallel processino 
-tocols can be emp,o V ed wherein the vesicle tha, is ZZT" 
the proces s ,n 9 includes a vesicle assembly that has , , , 

^ r a, by employe multiple pllg " 

matnx Other pr,n„n 9 techniques can be empioyed by the present 
-ent,on without departing from the scope thereof 

suhct ♦ conta «.ng the ves.cle against the surface of the 

~d against the surface of the ^Z^^T " 
matena, thereto. This provides for the controlled deliv-" fort 
25 I 0 '"™ " ,|UW ««*-. in ft. contacting of ^ ^ 

*e surface of the substrate. a98 ' nSt 

In further embodiments, vesicles are provided h,,™ ■ 
'"amber that is dimensional, adapted to I Jm^Z In T 
capillary action. 9 he cham ber by 
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In another aspect, methods are provided for analyzing a material, 
that comprise the steps of providing a vesicle suitable for carrying a fluid 
having the materia, therein, disposing the vesicle adjacent a first locat.on 
of the surface of the substrate, controlling the vesicle to deliver a 
5 nanoliter volume of the fluid to provide" a defined and controlled volume 
of fluid at the first location of the surface of the substrate, movmg the 
vesicle to a second position adjacent a second location on the surface on 
the substrate to dispense a defined and controlled volume of the matena! 
along an array of locations along the substrate surface, and performmg 
1 0 mass spectrometry analysis of the materia, at each location of the array. 
These methods can include the step of mixing a matrix matenal and an 
analyte material to form the fluid being delivered to the substrate surface. 
Alternatively, this embodiment can include the steps of filling a chamber 
contained within the vesicle with a matrix material and dispensing the 
15 matrix material to the array of locations. Subsequently, analyte can be 
dispensed. The step of performing mass spectrometry can include the 
step of performing a matrix assisted laser desorption ionization mass 
spectrometry, as well as time of flight mass spectrometry, or a fourier 
transform spectrometry. 
20 In another aspect, apparatus for forming an array of a sample 

material on a surface of a substrate are provided. Such apparatus will 
compromise a vesicle having a distal end suitable for carrying a fluid 
thereon, a movable arm having a distal portion mounted to the vesicle, a 
controller for moving the arm to dispose the vesicle adjacent a first 
25 location on the surface on the substrate and for controlling the vesicle to 
provide a nanoliter volume of the fluid at the first location of the surface 
of the substrate, and a diagnostic tool for analyzing the material to 
generate a composition signal that is representative of the chemical 
composition of the material. In this apparatus the vesicle can 
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i 7 Pr ° m ; e ' Mlid Shaft °' m - « • vesiCe h av,„ 9 an 
5 Fur,her provided "erein are substrates hevino a surf,,. , 

:r ': ™ s - - - • * : ,r: any 

other su table matPrial ^ ■ as a an y 

« - -e , ou ;i::r ::r praed - inc,ude « - - 

nuceio'^r 1 " 3 ' T dimemS ' ^ me,h0dS °' o, 
contacting predetermined positions of the surfa™ „, ■ 
witH , hi o, C o„,ai„ ing „ uc ,ei c acid soiutione d^l To TV™ 
20 with a vesicle h™,™ „ • . • sensed to the positions 

SICle hav,n 9 an '"tenor chamber contain™ th„ 

~rr::;rrr.rr~ 

The above and further features and advantac.es of th ■ ' 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a system for preparing arrays of a sample 

material for analysis. 

Figure 2 illustrates a pin assembly suitable for use with the system 
5 depicted in Fig. 1 for implementing a parallel process of dispensing 
material to a surface of a substrate. 

Figure 3 depicts a bottom portion of the assembly shown in Fig. 2. 
Figure 4 depicts an alternative view of the bottom portion of the 
pin assembly depicted in Fig. 2. J 
10 Figures 5A-5D depict a method for preparing an array of sample 

material. 

Figures 6A-6B depict an alternative assembly for dispensing 
material to the surface of a substrate. 

Figure 7 is a schematic showing covalent attachment of 
15 oligodeoxynucleotides to a silicon dioxide surface as described in the 
methods herein. In particular, silicon dioxide was reacted with 3- 
aminopropyltriethoxysilane to produce a uniform layer of primary amino 
groups on the surface. A heterobifunctional crosslinking agent was then 

" reacted with the primary amine to incbTp-o-rate-an-iodoacetamide-group^- 

20 An oligodeoxynucleotide containing a 3'- or 5'-disulfide (shown as the 5') 
was treated with tris-(2-carboxy ethyl) phosphine (TCEP) to reduce the 
disulfide to a free thiol, which was then coupled to the iodoacetamido- 
surface. 

Figure 8 is a graph which plots conjugation of 
25 oligodeoxynucleotide probes to a silicon surface as a function of TCEP 
concentration used in the disulfide reduction. 

Figure 9 is a matrix assisted laser desorbtion/ionization-time-of- 
flight (MALDI-TOF) mass spectrum of a silicon wafer with the 
oligodeoxynucleotide sequence denoted "TCUC" (5'- 
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GAATTCGAGCTCGGTACCCGG : 3'; SEQ ID NO ,, covalently bound 
essentially as described in Figure 7 and the oligodeoxynucleotide 
sequence denoted "MJM6" {5'-CCGGGTACCGAGCTCGAATTC-3'- SFO 
ID NO 2) hybridized thereto. ' 

5 Figure 1 0 is a schematic of.the immobilization of specific thiol- 

containing DNA targets generated by p„, ymera s e chain reaction 
the surface of a silicon wafer. An oligonucleotide [SEQ ID NO- 7] 
complementary to a portion o, the DNA target sequence was hybridized 
to the ,mmob„ized DNA target and MALDI-TOF MS analysis was 

2 Zt:T S ' Pred0n1inan, Si9na ' " a " ° bS — 
1 1 /°r 0ndlnB ,0 h ^~^-,eo,ide, which 

has a the theoretical mass-to-charge ratio of 3622.4. 

F 'l™ 1 ' *•*»• « embodiment of a substrate having wells 
etched .herein tha, are suitable for receiving materia, for analysis. 

time o, th, ^ deP ' C,S 6XamP ' e " SPSC,ra ° b,ain6d <'™ * 
«™ o, ,„ s h, mass spectrometer instrument and represematiye of the 

metena. composition of the sample material on the surface of the 
substrate depicted in Fig. 1 1 . 

20 mate ?K U ' e " dePi " S m °' eCUlar Wei9h,S de ' ermined <* *• "mple 
20 matenal hawng spectra identified in Fig. 12. 

Figure 14 is a schematic of a 4 x 4 (,6-locauon, DNA array on the 
- ace o, a siiicon wafer with the thiCcontaining oiigonucleotida 
molecuies denoted -Oligomer 1", 

D N0.3 and 0„gomer 3" ,SEQ ID NO: 1; a free thio, deri„a,iye -TCUC" 

onuc,eo,,de o, EXAMPLE „ covaientiy bound to , 8 locations on the 
surface o, the siiicon wafer essentia,* as described in EXAMPLE 2 

Figure 1 5 is a schematic of the hybridization of specific 
ol,gonuc,eo,ides to each of the , 6 ,oca,ions of the DNA hybridization 
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array of Figure 14 with the Oligomer 1 complementary oligonucleotide 
(5'-GATGATCCGACGCATCAGAATGT-3'; SEQ ID NO: 9) bound to 
Oligomer 1 , the Oligomer 2 complementary oligonucleotide (5'- 
AATACTACACAG-3'; SEQ ID NO: 7) bound to Oligomer 2 and the 
5 Oligomer 3 complementary oligonucleotide (5'- 

CCGGGTACCGAGCTCGAATTC-3'; SEQ ID NO: 2) bound to Oligomer 3. 

Figure 16 is a representative MALDI-TOF mass spectrum of a 4 x 4 
(16-location) DNA array on a silicon wafer shown schematically in Figure 
15. The spectrum reveals a single/predominant signal of an 
10 experimental mass-to-charge ratio in each location corresponding to the 
specific hybridized oligonucleotides. The 2+ indicates the position of a 
doubly charged molecule used as a reference standard during MALDI-TOF 
MS analysis. The * denotes residual amounts of contaminating 
oligonucleotide that remain on the surface of the chip following washing 
15 procedures. The relative position of the * signal reveals the approximate 
size of the contaminating oligonucleotide. 

Figure 1 7 is a representative MALDI-TOF mass spectrum of an 8 x 
8 (64-location) DNA array. The spectrum reveals a single, predominant 

signal~ot an experimen^rmass-to^charge-ratio-corresponding-to-the 

20 predicted specific hybridized oligonucleotides. The * denotes residual 
amounts of contaminating oligonucleotide that remain on the surface of 
the wafer following washing procedures. The relative position of the * 
signal reveals the approximate size of the contaminating oligonucleotide. 
Figure 18 is an illustration of nucleotide extension of a DNA primer 
25 annealed to a thiol-containing DNA template immobilized to the surface 
of a SIAB-derivatized silicon wafer. A complementary 1 2-mer 
oligonucleotide primer [SEQ ID NO: 12] was hybridized to a 27-mer thiol- 
containing oligonucleotide [SEQ ID NO: 11] immobilized to a silicon 
support through the SIAB crosslinker. The silicon surface containing the 
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immobilized DNA duplex was incubated with DNA polymerase in the 
presence of dATP, dCTP, dGTP and ddTTP under extension conditions 
and subjected to MAI.DI-TOF MS ana.ysis. The mass spectrum of the 
nhcon wafer revealed the presence of two predominant signals; one of a 
mass-to-charge ratio equal to the unextended 12-mer oligonuc.eotide as 
well as a signal corresponding to a 15-mer DNA molecule that has been 
extended on the wafer by 3 nucleotides to the first position in the 
sequence in which a ddTTP was incorporated. 

Figure 19 diagrams an experiment designed to test the effect of 
10 the distance between the S.AB-derivatized surface and the DNA duplex 
formed on primer extension reactions. Two thiol-containing 
oligonucleotides of different sequence fSEQ ID NOs: 8 & 1 1] were 
immobilized to a S.AB-derivatized silicon surface and incubated with 
spec.f.c oligonucleotides that form a DNA duplex with 0, 3, 6, 9 and 1 2 
15 base spacers between the SIAB-derivatized surface and the DNA dup.ex 
formed by the oligonucleotide hybridized to the immobilized thiol- 
containing DNA. The free 3<-end of the hybridized oligonucleotide was 
extended using either Sequenase DNA polymerase or ThermoSequenase 
DNA polymerase in the presence of the three deoxynucleotide 
20 tnphosphates and the corresponding diddeoxynuc.eotide triphosphate 
under extension conditions and the resulting reaction products were 
subjected to MALDI-TOF MS analysis. 

Figure 20 is a representative MALDI-TOF mass spectrum of the 
specific extension products of the primer extension experiment illustrated 
25 ,n F.gure 19. The spectra in the left-hand column are those resulting 
from MALDI-TOF MS ana.ysis of the extension reactions in which - 
Sequenase was used. The spectra in the right-hand column are those 
resulting from analysis of the extension reactions in which • 
ThermoSequenase was used. ThermoSequenase DNA polymerase was 
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able to extend the 3'-end of the hybridized DNA primer where the 
distance between the DNA duplex and the surface of the derivatized 
silicon wafer varied between 0 to 1 2 nucleotides. Sequenase DNA 
polymerase also was able to extend the hybridized DNA where the 
5 distance between the DNA duplex and the silicon wafer was between 3 
and 9 nucleotides. 

DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS 
Definitions 

Unless defined otherwise; all technical and scientific terms used 

10 herein have the same meaning as is commonly understood by one of skill 
in the art to which this invention belongs. All patents and publications 
referred to herein are incorporated by reference herein. 

As used herein, the term "nucleic acid" refers to oligonucleotides 
or polynucleotides such as deoxyribonucleic acid (DNA) and ribonucleic 

15 acid (RNA) as well as analogs of either RNA or DNA, for example, made 
from nucleotide analogs, any of which are in single or double-stranded 
form. Nucleic acid molecules can be synthetic or can be isolated from a 
particular biological sample using any number of procedures which are 

^IFIcnowrTi^ 

20 for the particluar biological sample. 

As used herein, nucleotides include nucleoside mono-, di-, and 
triphosphates. Nucleotides also include modified nucleotides such as 
phosphorothioate nucleotides and deazapurine nucleotides. A complete 
set of chain-elongating nucleotides refers to four different nucleotides 

25 that can hybridize to each of the four different bases comprising the DNA 
template. 

As used herein, nucleic acid synthesis refers to any process by 
which oligonucleotides or polynucleotides are generated, including, but 
not limited to processes involving chemical or enzymatic reactions. 
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As used herein, the, term "array" refers to an ordered arrangement 
of members or positions. The array may contain any number, of members 
or positions and can be in any variety of shapes. In preferred 
embodiments, the array is two-dimensional and contains n x m members, 
5 wherein m and n are integers that can be the same or different. In 
particularly preferred embodiments, n and m are each 4 or a multiple 
thereof. 

The term "cross-linking agent" is art-recognized, and, as used 
herein, refers to reagents which can immobilize a nucleic acid to an 
10 insoluble-support, preferably through covalent bonds. Thus, appropriate 
"cross-linking agents" for use herein includes a. variety of agents that are 
capable of reacting with a functional group present on a surface of the 
insoluble support and with a functional group present in the nucleic acid 
molecule. Reagents capable of such reactivity include homo- and hetero- 
15 bifunctional reagents, many of which are known in the art. 
Heterobifunctional reagents are preferred. 

As used herein, the term "thiol-reactive functionality," refers to a 
functionality which is capable of rapid reaction with a nucleophilic thiol 
moiety to produce a covalent bond (e.g., a disulfide or thioether bond). 
20 In general, thiol groups are good nucleophiles, and preferred thiol-reactive 
functionalities are reactive electrophiles. A variety of thiol-reactive 
functionalities are known in the art, and include, for example, haloacetyls 
(preferably iodoacetyl), diazoketones, epoxy ketones, a, G-unsaturated 
carbonyls {e.g., a, S-enones) and other reactive Michael acceptors 
25 {including maleimide), acid halides, benzyl halides, and the like. In 
certain embodiments, a free thiol group of a disulfide can react with a 
free thiol group {i.e., by disulfide bond formation, including by disulfide 
exchange). A "thiol-reactive" cross-linking agent, as used herein, refers 
to a cross-linking reagent (or surface) which includes, or can be modified 
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to include, at least one thiol-reactive functionality. It will be understood 
that reaction of a thiol group can be temporarily prevented by blocking 
with an appropriate protecting group, as is conventional in the art (see 
e.g., T.W. Greene and P.G.M. Wuts "Protective Groups in Organic 
5 Synthesis," 2nd ed. John Wiley & Sons, (1991)). 

As used herein, a selectively cleavable linker is a linker that is 
cleaved under selected conditions, such as a photocleavable linker, a 
chemically cleavable linker and an enzymatically cleavable linker (i.e., a 
restriction endonuciease site or a ribonucleotide/RNase digestion). The 
10 linker is interposed between the support and immobilized DNA. 

As used herein, the terms "protein", "polypeptide" and "peptide" 
are used interchangeably when referring to a translated nucleic acid (e.g. 
a gene product). 

As used herein, "sample" shall refer to a composition containing a 
15 material to be detected. In a preferred embodiment, the sample is a 

"biological sample" (i.e., any material obtained from a living source (e.g. 
human, animal, plant, bacteria, fungi, protist, virus). The biological 
sample can be in any form, including solid materials (e.g. tissue, cell 

pellets-and-biopsies)-and-bioto^^^ — — 

20 amniotic fluid and mouth wash (containing buccal cells)). Preferably solid 
materials are mixed with a fluid. 

As used herein, "substrate" shall mean an insoluble support onto 
which a sample is deposited according to the materials as described 
herein. Examples of appropriate substrates include beads (e.g., silica gel, 
25 controlled pore glass, magnetic, Sephadex/Sepharose, cellulose), 

capillaries, flat supports such as glass fiber filters, glass surfaces, metal 
surfaces (steel, gold, silver, aluminum, copper and silicon), plastic 
materials including multiwell plates or membranes (e.g., of polyethylene, 
polypropylene, polyamide, polyvinylidenedifluoride), pins (e.g., arrays of 
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pins suitable for combinatorial synthesis or analysis or beads in pits of 
flat surfaces such as wafers (e.g., silicon wafers) with or without plates. 

In the particular methods of immobilizing nucleic acids to a 
substrate provided herein, preferred substrates are those which can 
5 support linkage of nucleic acids thereto at high densities, preferrably 
such that the covalently bound nucleic acids are present on the substrate 
at a density of at least about 20 fmol/mm 2 , more preferably at least 
about 75 fmol/mm 2 , still more preferably at least about 85 fmol/mm 2 , yet 
more preferably at least about 100 fmol/mm 2 , and most preferably at 
10 least about 1 50 fmol/mm 2 . Among the most preferred substrates for use 
in the particular methods of immobilizing-nucleic acids to substrates 
provided herein is silicon, whereas less preferred substrates include 
polymeric materials such as polyacrylamide. Substrates for use in 
methods of producing arrays provided herein include any of a wide 
15 variety of insoluble support materials including, but not limited to silica 
gel, controlled pore glass, cellulose, glass fiber filters, glass surfaces, 
metal surfaces (steel, gold, silver, aluminum, silicon and copper), plastic 
materials (e.g., of polyethylene, polypropylene, polyamide, 
polyvinyldenedifluoride) and silicon. 
20 High density immobilization of nucleic acids to solid supports 
The methods described herein provide for high density 
immobilization of nucleic acid molecules on a insoluble (e.g., solid) 
support. In general, nucleic acid molecules are immobilized on the 
insoluble support either directly or by means of cross-linking agents. 
25 In embodiments of the methods in which a cross-linking reagent is 

not employed, a modified nucleic acid is reacted directly with a 
appropriately functionalized surface to yield immobilized nucleic acid. 
Thus, for example, an iodoacetyl-modified surface (or other thiol-reactive 
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surface functionality) can react with a thiol-rnodified nucleic acid to 
provide immobilized nucleic acids. 

In accordance with the methods provided herein, the cross-linking 
agent is selected to provide a high density of nucleic acids immobilized 
5 on the insoluble support. Without wishing to fre bound by theory, it is 
believed that the high density of immobilized nucleic acids described 
herein is due, at least in part, to a relatively- rapid reaction occurring 
between the cross-linking agent and the nucleic acid (e.g., a thiol- 
modified nucleic acid), compared to other reactions previously used to 

10 immobilize nucleic acids. In addition, high density may at least in part be 
due to a close spacing of the reactive groups (e.g., amino groups of 
other reactive functionality) on the functionalized insoluble support. 
Thus, reagents for modifying the surface will generally be selected to 
provide closely-spaced functionalities on the functionalized support. The 

15 cross-linking agent (and other reagents used to functionalize the support 
surface or the nucleic acid molecule) can be selected to provide any 
desired spacing of the immobilized nucleic acid molecules from the 
support surface, and to provide any desired spacing of the immobilized 
nucleic acids from each other. Thus, steric encumbrance of th e nucleic 

20 acid molecules can be reduced or eliminated by choice of an appropriate 
cross-linking agent. In certain embodiments, the cross-linking reagent 
can be selected to provide multiple reactive functionalities as used in 
dendrimer synthesis for attachment of multiple nucleic acids to a single 
cross-linking moiety. Preferably, the cross-linking agent is selected to be 

25 highly reactive with the nucleic acid molecule, to provide rapid, complete, 
and/or selective reaction. In preferred embodiments, the reaction volume 
of the reagents (e.g., the thiol group and the thiol-reactive functionality) 
is small. 
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Nucleic acids and linkers 

Preferred nucleic acids for use herein are "thiol-modified nucleic 
acids," i.e., nucleic acids derivatized to contain at least one reactive thiol 
moiety. As described in further detail in Example 1, below, nucleic acids 
containing at least one reactive thiol are preferably made by treating a 
nucleic acid containing a 3' or 5' disulfide with a reducing agent, which 
preferably will not compete in subsequent reactions (i.e. will not react 
with an iodoacetimido functionality. Disulfide-derivatized nucleic acids 
can be synthesized according to a variety of methods. For example, a 
nucleic acid can be modified at the 3'- or 5'-terminus by reaction with a 
disulfide-containing modifying a reagent. Alternatively, a thiolated primer 
can by enzymatically or non-enzymatically attached to the nucleic acid. 
A 5'-phosphoramidate functionality can also provide an attachment point 
for a thiol or disulfide-containing cytosine or deoxycytosine. Examples of 
reducing agents appropriate for reduction of a disulfide-modified nucleic 
acid include: tris-(2-carboxyethyl)phosphine (TCEP) (preferably a 
concentration in the range of 1-100mM (most preferably about 10mM)) is 
reacted at a pH in the range of 3-6 (most preferably about 4.5), a 
temperature in the range of 20-45°C (most preferably about 37°C) for a 
time period in the range of about 1 to about 10 hrs (most preferably for 
about 5 hrs); dithiothreitol (preferably a concentration in the range of 25 
to 100mM (depending on whether the reactant is isolated) is reacted at a 
pH in the range of 6-10 (most preferably about 8) and at a temperature in 
the range of 25-45°C (most preferably about 37°C)) for a time in the 
range of about 1 to about 10 hrs (most preferably about 5 hrs). TCE 
provides an advantage in the low pH at which it is reactive. This low pH 
effectively protonates thiols, thus suppressing nucleophilic reactions of 
thiols and resulting in fewer side reactions than with other disulfide 
reducing agents which are employed at higher pH. 
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As further described in Example 1, below, a preferred bifunct.onal 
cross-linking agent is N-succinimidy>(4-iodacetyl) aminobenzoate (SIAB). 
Other cross.inking agents include, but are not limited to, dima.eim.de, 
dithio-bis-nitrobenzoic acid (DTNB), N-succinimidy.-S-acety.-thioacetate 
5 (SATA) N-succinimidyl-3-(2-pyridyldithio1 propionate (SPDP), 

succinimidy. 4-(N-ma.eimidomethy.)cyc.ohexane-1-carboxy»ate (SMCC) ad 
6-hydrazinonicotimide (HYNIC) may also be used in the novel process. 
For further examples of cross-linking reagents, see, e^, Wong 

MiUilLM , nf r in Pnnrrr^" rrnss-Linking." CRC Press 

10 (1991). and Hermanson, "Pinrnnjunafp Techniques" Academic Press 

(1995). , iU 

,n preferred embodiments, the nucleic acid is immobilized us.ng the 

photocleavable linker moiety that is cleaved during mass spectrometry. 
Exemplary photolabile cross-linker include, but are not limited to, 3- 
15 amino-(2-nitro P heny.) P ropionic acid (Brown et at. (1995) Molecular 
Diversitv , pp.4-12 and Rothschild et al. (1 996) Nucleic Acids Res. 
24:361-66). 

,n a further embodiment of the methods of detecting alterations m 
^ a target nuc ,eic acid sequence proviaFd-h-erein-and-methods-of — 
20 immobilization, a single-stranded nucleic acid complementary to the 
target nucleic acid is immobilized to a surface through a linkage that 
includes a thiol group-thio. reactive functionality bond and a cleavable, 
preferably a selectively cleavable, linker moiety. 

Linkers 

25 A target detection site can be directly linked to a solid support v.a 

a reversible or irreversible bond between an appropriate functionality (I') 
on the target nucleic acid molecule (T) and an appropriate functionary 
(L) on the capture molecule. A reversible linkage can be such that .t .. 
cleaved under the conditions of mass spectrometry (i.e., a 
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photocleavable bond such «q a 

charge tr ansfer complex or » i a ki u 
bem ° b — — , stabie organic radic ; ,ab " e b ™ 

.0 JiT^r: are ,inkers ,ha * are - ~ 

a tsee, e^, Goldmacher et al (199?> tw„ • ^ L 
Photocleavable linkers that are cleave ■ ,„ 

. « «. PP. ,«.„ ft wH^^^f ■ 
( 989) MakrornoLChem IQn.fia do l . ^ 

methylrhodamme copolymer; Goldmacher et al (1 992, „■ • 

3:104-107 which d^riK * ^^D-i^hem, 

<-", wnicn describes a cross-linker an j 

15 photolytic degradation u„n„ r8a9ent ,hat under 9°« 

egradatron upon exposure to near UV lioh. nsn , 

nitrobenzwoxycarbony, chiorida cross^n^a "■**" 
PHotoCeavaole Wages,, thereby re, a^l 7 
«P0 S ure to , ight . ln preferred e l ^ TI ~« 

20 ""—-d u-n» the photoCeayabie TnTer m ! , , * 

mass spectrometry. ""^ ,hat iS cl "»™<' during 

Furthermore, the linkage can be formed with V beino . 
ammonium group, in which case, preterabiy the T 
-PPor, carries negate charges whic h e i °' *" 

» acid backbone and thl ^^22^ ^ 

analysis by a mass snP nt f d esorpt.on requ.red for 

Heat creat L byTe Z B 7 **' * «■» 

—.ion o, c zz ":;r ndins ° n v ty ~ 

ohromephore. '*sonance with the L' 
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Thus the L-L' chemistry can be of a type of disulfide bond 

, hv mercaptoethano, or dithioerythrol,, 
(chemically cleavable, for example, by mercaptoeth 

■ J . . ,« m a heterobifunctional derivative of a trityl 
a biotin/streptavidin system, a heterooi 

ethe r group ,see, vu. Kbster eiaL <1990, "A Versatile Aoid-Uab„e 
CI odifiLon o, Synthetic Bomolecules, 

31 -709B, that can be claaved under mildly acidic conditions as we,, as 
^e Lions o, mass spectrometry, a levuliny, group Ceavabie under 
a ,mos. neutra, conditions with a hydrazinium/acetate buffer, an 
rginine-arginine or lysine-lysine" bond c,eavab,e by an endopeptidase 
enzyme J trypsin or a pyrophosphate bond c,eavab,e by a pyroph. - 
l ase o, a ribonucleotide bond in between the Cigodeoxynucleotide 
ence. which can be cleaved, for example; by a ribonuclease or a, k a„. 
The functionalities, L and L.' can also form a charge transfer 
complex and thereby form the temporary t-f Since in meny 

cases the "charge-transfer band- can be determined by UVM 
spectrometry Isee, ^ Ss3S ^mJs S! ^m^^ ^ 
Poster, Academic Press, 1969,, the laser energy can 
corresponding ener gy of the charge-transfer wavelength and, thus a 
specif desorp^off the solid support can be inrtatedrye^ ~in- 
20 the art wi„ recognize tha, severe, combinations can serve this pu. e 
and tha, the dono, functionaUty can be either on the so„d support or 
coup,ed to the nucleic acid molecu,e to be detected or vice versa. 

,n ye, another approach, a reversible L-L' Hn.age can be generated 
by hemolytic* forming re,a,ive,y stable radicals. Under the ,n*en« o, 
2 5 the laser pulse, desorp«on ,as discussed above, as we,, as ionization w „ 

,ha, other organic radicals can be selected and tha, ir .relation , the 
dissociation energies needed to hemolytic* cleave the bond between 
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them, a corresponding laser wavelength can be selected , 

dna ~: r d MALD, - ToF ms ' * 

" graded witn . 3 .. proce 1 ,0 3 S °"' d ^ 

rr — ~ : =::r v - 
- .a, of ^^r** c,eavabie iinker ' ~ -» - 
» - -~s by W as;:: :;: :~ ■* - o, 

detected by MALDI-TOF unon h ■ remai ™ n9 ' ra9ment «" be 

— c j: ~ir; r ,rom ,h ° - — 

«*— « ere Prov :r: r cleavab,e « 

» occur durino the ionization and vo, t * Mn " e 

" »» same rationaie app,i es ZT*^"" * MALDI-TOF. 

appl.es when using a 5' D mr. ■ L.kew.se, this also 

sequence or S urrou„ di „ fl DNA ^^J"^ " «- 'ar g e, 

t» amplify or is„ lated) . 2) .„„ ' mUSt be to make p,i mers 

•* support and , he a^e nu T 7* * *""«*«< » *• 
««ec,i„ a , he presenc o 'ir" " ^ *™° «* > * 
» - a <o ubte stranded ^'^r 1 * " « 

through linkage t o one orpHo/ ■ ° r ' Solated > ls 'mrnobilized . 

ye io one predetermined strand the Hwa • ^ 
e''m,nate the duplex and then a hioh ' S denatUred t0 

..r=r^;— . 
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strand displacement occurs and the primer is hybridized to the 

immobilized strand. u:i: Mf 4 
ln , he embodiments where the primar nucleic acd . ,mmob„,zed 
on ,be solid support and the target nucleic acid is hybridized thereto the 
6 inclusion of the cleavable linker allows the primer DNA to be immobilized 
at the 5'-end so that free T-OH is available for" nucleic acd synthes.s 
pension, and the sequence of the "hybridibd" target DMA can be 
determined because the hybridized template can be removed by 
d enaturation and the extended DNA products cleaved from the solid 
10 support for MALDI-TOF MS. Similarly for 3V. the immobilized ^ «""" 
„ be elongated when hybridized to the template and cleaved from the 
support. Thus. Sanger sequencing and arimeroligo base tension 
(PROBE), discussed below, extension reactions can be performed using 
an immobi.ized primer o, a known, upstreamn DNA sequence 
16 complementary to an invariable region of a «r g e, sequence. The nucleic 
acid from the person is obtained and the DNA sequence of a variable 
.egion (deletion, insertion, missense mutation that cause genetic 
predisposition or diseases, or the presenc e of viral/bacteria, or fungal 
DNAI not only is detected, bu, the actual sequencrand-posltion-ef-the— 

20 mutation is also determined. 

,n other cases, the target DNA must be immobilized and the primer 
annealed. This requires amplifying a larger DNA based on known 
sequence and then sequencing the immobilized fragments (i.e., the 
extended fragments are hybridized bu, not immobilized to the support as 
25 described above,. In these cases, it is not desirable to include a „nke, 
because the MALDI-TOF spectrum Is of the hybridized DNA; I, ,s no, 
necessary ,o cleave the immobilized template. 

Any linker known to those of skill in the art for immobilizing 
nucleic acids to solid supports may be used herein to link the nucleic acd 
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iT b 'L d rr ort - The preferred ,inkers here,n - *• 

de vable l.nkers, particular, y those exempted herein Oth e 7! 
■nclude, acid cleavable linkers sur-h J '' nkerS 
labile trity, , inkers . ' " ^'^-hoxy propane, 

5 Acid cleavable linkers, photocleavable and h e *t 

may also be used narti, , , 1 S6ns,t,ve ,inker s 

used, part.cularly where it may be necessarv tn , 
targeted agent to oermit it t u necessary to cleave the 

,nt0 the intracellular transfer • • . r Iransferr,n to permit entry 

Photocleavable Linkers 

Photocleavable linkers are provided („„„,- , 
«*« as their phosphoramidite deriv es <*°<°"-ab,e 

-oieties and phosphate ,i„ ka ges °" nitr ° Den2V ' 
cleavage of the conjugates vl C ° mP ' ete Ph ° ,<,lytic 

» wavelengths used ,7^ The UV 

-^nucleotides and ar I H, Wi " "°' - 

dna are Preferrab y about 350 -5or» 

** The pbotocieavable lin Js pro de h IT m< " e ""''^ 
«*. e„icienc y as compared to co m J„ Z7 P ZT 
monomers (see. Sinha et al (1983, T„ „ , P hM P"oram,dite 

,199 3tlBu ilS dr m ^^7ri~ 4 "9-4557; Beaucageaal 
' n0ne ~--^Php,oc,eava W e liners have formula,: 
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R 2 °0 



(i) 



2-1 



NO 



22 



p- OR" where R 20 is a/-(4,4'-dimethoxytrityloxy)alkyl 
1Q or o;-hydroxyalkyl; R 21 is selected from 

hydrogen, alkyl, aryl, alkoxycarbonyl, aryloxycarbonyl and carboxy; R 22 is 
hydrogen or (dialkylamino)(w-cyanoalkoxy)P-; t is 0-3; and R 60 is alkyl, 

alkoxy, aryl or aryloxy. 

In a preferred embodiment, the photocleavable linkers have 

15 formula II: 

, 20 



20 



25 




NO 



(ID 



30 



35 



where R 20 is u/-(4,4'-dimethoxytrityloxy)alkyl, w-hydroxyalkyl or alkyl; R 21 
is selected from hydrogen, alkyl, aryl, alkoxycarbonyl, aryloxycarbonyl 
and carboxy; R 22 is hydrogen or (dialkylamino)(u/-cyanoalkoxy)P-; and X 2C 

is hydrogen, alkyl or OR 20 . 

In particularly preferred embodiments, R 20 is 3-(4,4'- 
dimethoxytrityloxy)propyl, 3-hydroxypropyl or methyl; R 21 is selected 
from hydrogen, methyl and carboxy; R 22 is hydrogen or 
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<^opropy,aminoH 2 -cyanoethoxy,P, xM ^ hydrogen ^ ^ 
<J" . In a more preferred embodiment, R 2 ° is 3-(4 4' 
dime,hoxy,rity,ox y ,prop y ,; R , is methy , R „ is (dii50propy|am . n 
cyanoe,hoxy,P, and X- is hydrogen, in another more preferred 
embodiment. R» is.methyi; R 21 is methyi; R 22 is ( dii SO pr 0 py, arninol(2 . 
cyanoethoxy.P, and x- b 3.<4,4'-dimethoxy,ri,y,oxy,pro P oxy 

In another embodiment, the ohotocieavabie linkers haye formuia 




lill) 



25 



30 



35 



where R 23 is hydrogen or <dialky, ami no)<«.c y anoalk 0 x y ,P.; and R 2 < is 
- ected from ,,hydroxya,koxy, .- ( 4,4--dime,hoxy t ri,y,ox ,a, o y I 
nydroxyaik., and «- ( 4.4..dime,hoxytri, y ,ox y ,a,k y ,. and „ ^J^L or 
u -uted on the alk y , or alkox y chain W i,h one or more aiky, ^ r 
and s are each ,„dependen„y 0-4; and R- is aiky,, aikoxy. ar/l or ' 
aryloxy. In certain embodiment, R» is <„-hydroxyalky, or <u-(4,4'- 
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dimethoxytrityloxylalkyl, and is substituted on the a, ky , chain with a 

methyl group. . 

,n preferred embodiments, R 23 is hydrogen or |diisopropylam,noH2 

oyanoethoxyIP-. and R» is seieoted from 3-hyd,oxypropoxy. 3-.4,4'- 
5 dimethoxytrityloxylpropoxy. 4-hydroxybutyl, 3-hydroxy-1-propyl, 1- 
hydroxy-2-propyl. 3.hydroxy-2-mefhyM -propyl. 2-hydroxyethyl, 
hydroxymethyl. 4-(4,4'-dimethoxytrityloxy)butyl, 3-14.4'- 
dimethoxytrityloxyl-1 -propyl. 2-(4,4'-dime,hoxytri,yloxy>e<hyl. 1-14,4 - 
dimethoxy.rityloxy)-2-propyl.3-(4.4'.dime,hoxy.riyloxy)-2-methyl-.- 

10 propyl and 4,4'-dimethyoxytrityloxymethyl. 

In more preferred embodiments, R" is |di,sopropylamino)(2- 
cyanoethoxy)P-; r and s are 0; and B» is seieoted from 3-14.4'- 
dimethoxytrityloxy lP ropoxy, 4-(4,4'-dime«hoxy«.i.yloxy)butyl, 3-14,4 - 
dimethoxytrityloxylp-opyl, 2-(4,4'-dimethoxytri.yloxy)ethyl, 1-14,4 - 
1 6 dimethoxytri,yloxy)-2-propyl, 3-.4,4'-dimethoxytriyloxy)-2-methy,-1 - 
propyl and 4,4'-dimethyoxyt,ityloxymethyl. R» is most preferably 3- 
(4,4'-dimethoxytrityloxy)propoxy. 

Preparation of the photocleavable linkers 
- 1 £1 Preparation of photocleavable linkers-of 



20 



25 



formulae I or II 

Photocleavable linkers of formulae I or II may be prepared by the 
methods described below, by minor modification of the methods by 
choosing the appropriate starting materials or by any other methods 
known to those of skill in the art. 

,n the photocleavable linkers of formula II where X 20 is hydrogen, 
the linkers may be prepared in the following manner. A.kylation of 5- 
hydroxy-2-nitrobenzaldehyde with an a/-hydroxyalkyl halide, eju, 3- 
hydroxypropyl bromide, followed by protection of the resulting alcohol 
as, _^L, a silyl ether, provides a 5-(u,-silyloxyalkoxy)-2- 
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W u™„ ums lf0 , , inkere where R! , . 
tnmethylaluminum. borohydrides (for linkers where „„ 

carboxy or alkoxycarbonvl) surh ae ♦ • R ,S 

y aiuonyu, such as potass mm cvaniHp in *u 

the W cyanides, the product of the reaction a k " 

*en be hydroly 2 ed under ^ J°'°7 3 ««*. 

■**<-. fo.iowed by reaction with 4 £,lT """^^ 
with, e^, 2-cyanoethv,, <"™hox v ,r,,y| chloride. Reaction 

use of the linir^r : i- wnicn aiso demonstrates 

the ,,nker ,n oligonucleotide synthesis Thic c h 
be illustrative only and in no ■■ ™ 18 intended to 

» Experimental det , o es ^ ^ ° f ^ 

tne Examples ^ ^ ~-ions are provided in 
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HO 



HO 




NO, 



K 2 C0 3 
cat. Kl 



CHO 



HO. 



tBDMSCI tBDMSO^/s^O, 
Et,N 



V 



N0 imidazole 




NO. 



CHO 



CHO 




HO* 




NO. 



CH 3 

Phosphorylation 



OH 



DM AP 



NO, 



DMTO^x\/ 0 



DNA synthesis 




H 2 N 



-0. 



spacer 




CH 5 



NO, 



O -Oligomer 



Synthesis of the linkers of formula .1 where X- is OR". 3,4- 
dihydroxyacetophenone is protected selectively a, the 4-hydroxy, hy 
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reaction with, e^, potassium carbons a w 

~ Proplophenones , butyro ;;;= -* BenMate 

«* -ophenone. The resulting P 4 . si y ; e ™V be used in place of 
then al ky | ated at the with an ». , u V " 3 ' hVdr0xyacet °Phenone is 

• - **** d i::;:r* e r r — - * - « 

*«ord a 3-al k ox v -4. hydroxyacetophe ^; e te ; a ^ 1 -^- «uoride to 
"Mated a, the 4-hydroxy, ay react|0 ;;; h - *« 

3-hydroxypropy, bromide , o * "'7***-^ "awe. 
a'koxyacetophenone. The side ch, 4 """- h, " iro '<V a "<°><W-3- 
» -^.anaceta, T 

concents ni ,„ c Jr^T " 5 ~ 
-oace,o P heno„es. Salification 0l , h ^ ch * 
Podium carbonate, and reduction of the k , 
"orohydride. in either order gi y e s a 2 ^ . ^ ^ 
' 5 a,*oxyben;y,ic alcohol. 2 -™«°-<H" hyd roxva,lcoxy,. 5 . 

Selective protection of the side , h .- , 
4.4'.dime,hoxytn,y, ether is then ^ " ** «"~n g 

'-hoxytrity, chioride. u" rr" 5hed 6V ^ * 
w;; runner reaction with p n o 

dnsopropylchlorophosDhorpmiH * ~ ^anoethy! 

*° ^IMarninoK^anTatr; ^ ^ — - - 

A specific example of the synthesis of * k 
» ^ shown the foiiowino sch m Th *** " 

'"-trative on.y and in no way ,i m it the " t0 be 

experimental procedures for the tr-n* °' ^ jnVent '*° n - ° etai,ed 

25 Examples. transformations shown are found i n the 
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Jar - **—.!*- 

*ose of ski ll in , he art . " V °* er ™'"ods known to 

'n general, pho.ocleavable linkers of f„ rrnu , a ,„ . 
^Ydro xyalkyl . or alkoxyary , ° ™ la 1 » P^ared from 

a'koxybenzenes. These con™, h """ "-"^y-^kyl or 

*«"■*> and eitner pheny(lithium J"» 3.h,dro xyP r 0 p W 

^enol ffor ,ne <,n y dro xya ,ko xyben J ^ ^ 7^ " 
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formed in erther order » ^ termlnal hvdroxv , group as *. 

al -- ,Ph 7Tr — Z e*er Is achieved >V -Con wi* 
correspond^ 4 4 -d— V ^ ^ ^ 

, M-H*-*^^^ d|isopropytaW oro Ph osp— <o 
aflord hnkors o ^ ^ pfepared by 

bromide, with the requis.te ox.rane (yL, propy.e 
of catalytic cuprous ion. 

Chemically cleavable linkers 

" "—'•"•"■""r'T" 

addit.on of the 3-HPA matr ps or 

or 1 VI ^nucleoside bridges using dUsopropyis^ Hereov 

25 forming diisopropylsUyl-Hnked oligonudeotide anaiogs The 
diisopropyisiiyi bridge repiaces the pbo 5 hodies,er bo^n *e 
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S oligonucleotide synthesis mo* „ US '" 9 SOlid state 

«eox yriD onuc,eosLes USin9 
Mass modification of„„ cleicacMs 

10 of . nuclMtide ( U ; q C " be «"•■ Nation „ f the suga , 

"»**«•. e.g., by modjfjc A '*°. nucle,c acid bases can be 

bribed in F. Eckstein , ed ^ ° dT "* • «er a rm , e.g., as 

16 — M to incude a thiol .oie A * °™ «" * 
™~ «*■ ,e.,, Phoscroarnidlte V e 
9'oup can be attached to the nhrao U8ed 50 ,hal »» thiol 

P^sphate backbone. ' ° en,er P ' 0Wded * *• modified 

'n preferred embodiment 
» "scnbed above, does ^ " ' «*•' - 

«* or nucieic sequence to ^ «** - ability of the nucleic 

modification should preferable C0 ' ,,P ' en,en, • ^ 

'-.onaiwes o, Jn ^ZT^ ** 
- P-in, The nudeicTci lttT P ° nSib ' 8 * W ~<* 
' «°' ««P is present, and the nude 0 . ** ' 

-PPort. is capable of seif-colT ' * «■» 
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Solid supports and substrates ^ herejn 

Exam p,es o, insoiuble -P- " * HB0lled pore gla ss. 

ln c,ude. bu. are not to, beads ,s«a 9 ^ ( 

. capiHa.es, flat supports such asgUs ^ 

spaces (steel. *». ,e,., Pollens, 

mat erials ^ ^ " ^enedmuonae, , wafers, combs, pins 
^^■^^^cL^ synthesis or analysis, or 
(e . 9 ., arrays of p» = ^ si|icon . wafers}. with 

10 beads in pits of flat surfaoes such as w 
or without filter plates. 

^ spectrometry ^ ^ ^ ^ by any of a 

Once unmobtoed, ^ SDe c„ometric techniques such 

vane ty o, means includin, or NMR spectroscopy, 

m ass spectrometry, or other metho (1) 
th ereof. Preferred mass spec— o ma « 

°' pu,sed i |MC1,: these ,on source T be 

20 Thermospray), or massive re f| ec tron time-of- 

mat ched with detection formats rnclud ng nea 

f ,,ht ( TOa sin 8 le or muniple ^ „, p , and 

sector, Fourier Transform c y^»t ionWtim e-of. 
combinations,.^ ^J^t-*^— 
25 ,li 9 ht). For ,on,zat,on, nume o 

(MALDI) or solvent combinations (ESI) 
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Pteparation of ON A arrays 

Methods and systems fW p 
by a dia9nostjc ^-avs „, sam pte 

i"us,ra,es one system for Prep L ^ *» 1 

5 * • Gnostic too,. Rg . ~ " SamP ' 6 ™ *» 

—or , 2 , a m o ti o„ ^ ' ° - a data ~ 

™*or e,emen, 18A , a m pro ; - ~y , 6 . a 

P-ssu,e con,ro„er 28, a ^ ^ "*»* -™ 24 . a stage 26, a 

I "~ i "~ - ^ ro, ot ; a : ,':; he -own by Fi , „ 
m ° Un ' eleTO "' 40 and . „or«nta, ^' " « *«** • ™vea b ,e 
0P«0na„ y pivot abou( , ^ groove 42. The robotic arm 24 

- * so that arm 24 can o^o J ~ °' *• 

sou '« Plate 20. * e P,n ass «n,bly 38 above ,he 

«"* 'Ha. ,s suitaWe J r ^ «« « com P a,,b,e com Pute , 

—one that „„, provid « * eating pr09ram 

■ 0 7 ~" °' 'He robotic asseZ 6 i ""^ ** 

**«• * the ar, , hat the data p ™ ^ " *" ° S ~ t , 0 one 
^.em s Ui , ab , e for process ^ ' °„ SW »* 1 * «- He any type of 



25 



sv*em s ui , able for processing J, " " 06 "* <* 

<He ro boflc assem b(y l,t inS " U °* 0nS «■»* «* ** 

»■ °P«°na N y .e data p^"^ *"* «» housing 
•H= - «e g ra,ed in ,o , obotl , h * 6 = —co„,r 0 „ed assem bly 
-Hodiments. the system ,0 need no, 1 " 
*"9'e b oard computer having . 1 "* Pr ~abla and can be a 
- — * .He ro bot , assU ^ * — ~°ns 
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, n the embodiment depicted in Fig. 1 , there is a controiier 14 that 
.ectronicaiiy coupies between tbe dataprocess W 1, 

• ^ ^nrtroi'er 1 4 is a motion controller that 
assembly 16. The depicted controller it i» 

the robotic assembly 1 6 for positioning the 
drives the motor elements of the roooi. 
5 obotic arm 24 at a selected location. Additionally, the controller 14 can 

controller to ^ constructlon 

elements of the depicted pin assembly . 

^roiior 14 follows from principles wen Known 
of the depicted motion controller 14 toiiow k 

10 he ar, of eiectrica, engineering, and any control eiement s tab tor 

lilg the robotic assembiy 16 can be practiced 

^ Tit a— 1. — * V eiectronicaiiy coup.es 
to , he controiier 14. The depicted robotic assembiy 16 is a gantry 
„ system the, incMes an XV tabie tor moving the robot, arm a XV 
pL and further includes a Z axis actuator .or mo«,ng the robotrc a m 
oZonaiiy to that XV piane. The robotic assembiy « <*^ " * 
Judes an arm 24 that mounts to the X V stage whic . move. * «n 

"tithin a piane defined by the XV access. ^^™\°^ m 
20 1 XV t bie is mounted to the Z actuator to move the entrre tabie ^g 
Z Z axis orthogona, to the XV piane. in this way. the robot, ^as emb 
provides three degrees of freedom tha, aliows the pin assembiy 38 be 
disposed to any iocation above the substrates 34 and ^ source ate 

25 robotic assembly 16. 

The depicted robotic assembiy 1 6 foliows from pnncples we 
known in the art of electrics, engineering and is ius, one exampie of a 
lotic assembiy suitabie for moving a pin assembiy to iocatrons ad,acent 
a substrate and sourc pla, such as the depicted substrate 34. 
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-* — 9 :::r - 9 - 

™-n. 32 has an imerior chamel J 38. In ,b,s embodiment 

- * assembly 38. AccordingK J^T** *° — « 30 ,0 
coupled by the condui, 30 and L °" er 28 is ""^'v 

» «• the controller u " ** 38 ' 

can send stonak tn +k« 

» a „ uid prBSSUre 28 

2 depicts one embodiment c Z M - 
notice with the smem depict J, ° aSSSmb|v *° «**. -or 

~ 28 . , nthedeoict : i:^ n 2 - c,udesthe ~ 

« -oined ,o 8 e,„er by the crews B6A a „ d ^ ' ^ « ,ha t 

chamber volume 58 Fta » f f ' ne an inte "<" 

™or C ha m be r volume 5 £7 dSPiC,S ,0 S6al «» 

in Fi9 ; 2 as ~" ** h ° USm = <* '"dude a sea, element 

20 w , '" 9 8aske < 60 that site* h« 

20 block the lower block 54 anri . " be,ween the "PP" 

*• interior chamber volume 58 ^TT^^ *« °' 
assembly 50 includes a plurality of 1,, ' h9 ' "» * 
^l«de an axial b0 ,e extendino th k 2D ' MCh 0f whi ^ 

cambers 84A-840. C ^ ^ ^ * ^ * 
» respective aperture 68A-68D d ^ «""* trough a 

hous ing . d ' SP0Sed " itt * *• 'owe, block 54 or , he 

As further shown in the depicted 
«A- 62D has 8n upper fla „ ge JJ^^ «* °< »e vesicles 
^■700 ,0 ,orm a tluid-J, ^ <eme„, 

iween the ves,cle and the lower 
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block 54 to prevent fluid from passing through the apertures 68A-68D. 
To keep the seal tight, the depicted pin assembly 50 further includes a 
set of biasing e.ements 74A-74D depicted in Fig. 2 as springs wh.ch, ,n 
the depicted embodiments, are in a compressed state to force the flange 
5 element of the vesicles 62A-62D against their respective sea. elements 
70A-70D As shown in Fig. 2, the biasing elements 74A-74D extend 
between the vesicles and the upper block 52. Each of the springs 74A- 
74D can be fixedly mounted to" a mounting pad 76A-76D where the 
spring e.ements can attach to the upper block 52. The upper block 52 
10 further inc.udes an aperture 78 depicted in Fig. 2 as a centrally disposed 
aperture that inc.udes a threaded bore for receiving a swagelok 80 that 
can be rotatably mounted within the aperture 78. 

As further depicted in Fig. 2, the swagelok 80 attaches by a 
conduit to a valve 82 than can connect the swagelok 80 to a conduit 84 
15 that can be coupled to a pressure source, or alternatively can couple the 
swagelok 80 to a conduit 86 that provides for venting of the mtenor 
chamber 58. A central bore 88 extends through the swagelok 80 and 
couples to the tubing element which further connects to the valve 82 to 

: ther eby fluidicly antf seleTrt^^ 

20 either a pressure source, or a venting outlet. 

The pin assembly 50 described above and depicted in Fig. 2 
disposed above a substrate element 90 that includes a plurality of wells 
92 that are etched into the upper surface of the substrate 90. As 
illustrated by Fig. 2, the pitch of the vesicles 62A-62D is such that each 
25 vesicle is spaced from the adjacent vesicles by a distance that is an 
integral multiple of the pitch distance between wells 92 etched into the 
upper surface of the substrate 90. As will be seen from the follow.ng 
description, this spacing facilitates the parallel dispensing of fluid, such 
that fluid can be dispensed into a plurality of wells in a single operat.on. 
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Ea h o fte vesides be made from stajniess 

— or any other materia, suitab , e fef ho|djng fluid P ™ 
e m ple 6 ves , cles 8re jp ^ 

hard ned beryilium copper. g0|d p|aKd _ njcke| ™ ° 

« - ,o„ 3 and , ne shaft of , he vesjc|e js graduated J - 43. 2 

diameter with a cone™*. *; n c u 

apparent that any stable pin style can be employed for the Hp ■ 

including but not limited to flat star-shan^ ' 
m lu star-shaped, concave, pointed soiiri 

-J »nr ;* rrr ,he ,ower b,ock 54 - - * 
- - * — *. As ^r,rzrr r nsions 

approximately 3mm in thickness and the should-r 1 00 is „„„ ■ 
5mm in thickness. approximately 

Rg. 4 shows from an overhead perspective «,„ 

and dimensions for one iower block 64 lb ^ ~ e 

20 assembly for use with th ■ " M w,,h ,ne Pin 

y use with the p,n assembly 50 shown in Fin 2 As sh 

F,g. 4, the lower block 64 includes . four b„ , 
68 to provide 1 B . four-by-four matrix of apertures 

toprov,de1 6 apertures each suitable for receiving a vesicle As 
descnbed above with reference to Fig. 2, tne spacing between the 
aperture 68 is typically an integra, multipie „, L „ , 
- 0" a r ate surface as we,, as the wet of' "* 
Accord,ngly. a pin assembly having the lower block 54 as ri ■ , 

i 9 - 4 - — « - « we, simu,:: :,; r e : 
«:*:::^:z o, °: ,ower biock 54 - - - * - 

s 9 eneral| y 22 mm in length and the nitoh 

a ona me pitch between aperture 68 
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, a Rmm Such a pitch is suitable for use with a 

:::: ^*^-^*-rrr 

The p.nbloc, can be manufactured of stainless steel as this 

increase the pointing accuracy of each pin, h 

I ZaJ below the so that — a™ <* .He p,r , « h. - - 

- r • ::: : ~ -~- ~ - 

With references to rig. o f xne 
t oo, aslbly 33 that ,s conned similarly as the P* too, asse. V 

. c- ■> The oressure controller 28 selectively controls the 
2S depicted ,n Boure 2. Th P ess^ ^ ^ ^ 

pressure „,th,n c arnbe ^ m ^ ^ ^ , , 



34. 
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'n a first step, Fiq 5a th« ~ 
source plate 20. The robotir . u. * d ' Sposed a °°ve the 

. r - — - -rr: rirr ,he * — 

5 5h0W m 4 *• * assemb, y can jnc , ude "l ™ ^ 
«" Pin assembly 60 w „ dip , „ 1 6 «"'-„, Pins such that 

«•» DNA source plate 2Q ^ P " ' m ° d " fe ™n< '6 wells of ^ 384 

~ ope- t — * 

assembly ,0 . posltion abQve _J««--mWy- 18 ,o move tne pjn 
materia, and can be formed of sfcon " ' Ce "" n9 * ^ °< 

«*- ~ op*™* , he ,™ ,a '' or any ^ *•» 

°" -""^ -,ude a pined surfa« el f ' 3 ** ^ °"> 
«y ofter suitable surface typoorephv ' etCned ^ or 

15 «— r „ can .en ^T^^*"*. - - 

°~ 14, ,o direct the pressure col™ 0 ^ ^ m °' i0 " 
P-sure within the interior cnamber ^ 28 » ~ a positive 
P°s,t,ve in«eri 0r pre ssura wi) , 58 ' «* Practice, the 

-ides 62 ,„ eiect fluid , rorn " ' , ™ ^ h °"" n9 *"«« °< 
20 cf the substrate 90. ^ a " d lnto a ^spective weii 92 

The program operatjng on 
controller 14 to control the p, essu „ 2 ° 3n also *»« the 

«- -mbors wtth -JT^.- " C ° nt ' 0 ' "» 
P-sure controiler 28 can generate a negl """" ^ ^ 
25 mteri " -ember volume 58 of the oin ° "* hh * e 

>e *a wn up i„,o the ho ,di„ g JXZT T * <° 
Pressure controller 28 can re flula ,e J ^ 62A - 62D - Th ° 

control to avoia^ * °Pen,oop or 

"me as. Loop control 
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.„ the art and any 
„u known m tne 

co ntam,nat,on.P owen he hoWi „ 9 

p,ate 20 vanes from w t the ihvent.cn. each ffcd 

m ,n alternative pracwe o wt he chambers to 

Ja-64D is sufficiently small to * mtfv ca „ consist of 
chambers 64A the p,„ as ^ 

a " a " ay 1 apertures of the lower biocK 5 ^ o „ e 

assure is determ,ned aPP 

PGR tension, P^ alss0 ' U, '° 

h re H eouals Height. gamma „ M dle radius. Thus 

15 ^ ruuals gravity 1— ^ "! conOT „ed bv select 

,OTPera T„; «— ' ^ need ' e :« understood to be too 
20 Thus, a short bor e , he capillary force « nB 

6hou ,d no. overflow becaus ^ ^ on „ ce . Tn P 

,,,„ form a meniscus at the top emDO diment, the vesic. 

assure can be pre aed ^ a > v he P ^ 

30 pressure can be used 
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the ^e 0 f fiU!dtha 

or the vesicles can V 0rce »nto the 

R9 - 5B ^owstha, , ° ntr0 ' ,ed - ° 9 

neM 'e «P I, i. K S s P ra V or bv dr , mber ""'"me 58 

,He J , '° P,et '—on a , the ' 

, h T ° "* «* <he J """W* P^s U re ' an9e °' 
th at contmi Processor i o 

,h ««off setfromt . h ' St,m8 « apositi ""'"^.SA-SS 

25 *PictM ,'„ Fi ,00( ' severs, a<Wa 

even* w , h ** " ,gu *» °"/y Sl(lgle "» d isp e nsi 
»nly accord —w* of » " ho,di "9 



tan ^ carefu//y 
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„ ,. n Fur ,her the device is cost effective, 
centred durino P* P~ ^ ^ ^ „ n0 

* «» *— ' ^T^. the needles are exposed to ft* 
co „,act with a surface . re,u t ^ ^ providin9 long ,i,e. 

physical strain o, stress. erja| onto subs ,ra.e surface 

5 A ,erna,ive,v, ^ , ool assembli es that have soiid 

can include technrcues ™*»J£ . robotic assemhly dips the 

pin eiements extending from a block w w 

wet the distal ends of the pins w. ^ ^ 

mKK/ can m0 ve the pin assembly to a io 
10 the robotic assembly can mo mhK/ aaainst the surf ace of the 

„ m ateria, on or ,0 the - ^ . capi „ ary element , 1 , 
de picts a iet pnnt, dev,= ^ ^ , ^ conduit 
a transducer element 1 14 and ^ as 
^ 2 TWd-a-mount^connec ^ '° ^ 

* '° b0tiC orifice „. . series 

the surface 1 28. , ass cap illary, 

119 of the iet assembly n u can ue « « 
The capillary 112 ottneje 

anu ntner suitable housing that can carry a 
a plastic capillary, or any other suit Qf 
. j .h«t will allow the fluid sample to be ejecteu y 
25 sample and that will allow m ^ 

a transducer element, such as the tran 

„♦ 1 1 a depicted n Figure 6A is a piezu * 
transducer element 1 1 4 dep.cx narameter of the capillary 

— element ^ ^^^^ th e pulse 
1 12 and can transform an electrical puis 
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^.or within a, obotica 

«*" ' 18 o f ,„ e capi|(ary J 6 » «— Ml ,o eiec, ,rom the 

P^oeiecic , ra „ sducer „ " . ' SUCh ' et ««"iNv having „ 

T «*-.*gy. me. * Ger l;; m ; manu '— « * 

5 «*-* <or d(spenslng d ^ V d £ m ^ however, th at „ 

«*-^ e'ectrorestricave „ a „ <™-r, eiectric 

transducers. electromechanical tra „ " ma8ne, °'<**«ive 
*—™r element. ,„ « °>ner suitable 

-* - «- -wn i„ t0 the * » — . wtajmsnt , 

«* *~ f,u ' d trough the on* e 8 J 8 P '~" *« 

h ' — 0' ** materia,. O h, 1^ * " 8 * 

>° — w ith , entjon - - * ^ , 10 

15 tr,ere °<- Ut departm 9 'rom the scope 

R9ure 6B illustrates a further „„. . 

— on the robotic ^.^7" ^ «* P 

-^^.epioteain^, ^ ^^-ne 
~ies connected togethe » - , ustrates fouf jet 

« »9ure 2. the * assemb|y dep . J ; *•* » *e pi„ assemb|y 
*• dispensing f(ujd m P " ^7 « can be em p , oyed for 

binary sUn in tne „ " '< *• be obvious to one o, 

~ies ,30A-,30D can be *« ^ °'<»» » 

*win 9 ,ha selective dispensing TT" " *» 
26 ~ aa - ^o-over. each of he i« °' *• * 

^Pendently conned , 0 sele ' ' ' 3 ^-'30D can be 

-ch respected one o f Tj^T? " ** *« * «~ 
modifications and alterations c „ Z I ° A ' 130D - 0tha ' 

pe of th e invention. 
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Methods .or rapidly analyzing sample matenals are also provided. 

lias evaporation rates and reduced dependence on atmosphenc 
conditions such as ambient temperature and hght. 

Conning with the example shown in Fig. 5. the arrays can he 

„ prepared hy loading ^^^Z "tar source 

program executing on the data processor , 2 can ,ece,ve he 000— 

„ ls ,„-,0 The robotic arm 12 can dip the 
of the first well of the source plate 20. The 
pin assembly 38 into source plate 20 such that each of the 16 p.ns 
ped 1 one o, the weils. Each vesicle oan fill by capillary aeon so 
25 la I fu„ volume 0, the holding ohamber contains fluid. Opt,ona„y. 
1 program executing on the data processor ,2 oan 
controller ,0 fill the Interior ohamber S8 o, the p,n assembly 38 w th 
positive bias pressure that wii, counteract, in part, the force 0, the 
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*« *e rooo, ic a : ; ( — «"«— as desired. 

- **» se, * ;r T 9 rr e tar9et ^ * **~ 

'» -9e, suos.ra.es as de , red T A ~ bS ~« * as m anv 
** each .sicie t0 ^ ^ * *° ' 

" « °* apparen, ,o anyone 0 , ordina" « IT ^ 
su„able for forming ar ' _ y *" «•» an tha, process 

15 — « ^ from ^ ™ «» - — • ~ n 

Oligonucleotides of differs 

P'a,es; „ ne se . of 16 we|ls ca „ be source 
of .wo Pla «es are fined with 1 ' ' ^ s0,utl0 "- The 

20 P 1 a.esc, nb e,oaded„ n r, e " , °' U,i ° n ' 

*«% o, ,ar 9et subset " ** A 
"an ki „ B or reais,ra,io„ pins disposed .nt abUtti " 9 " "*>"- so, of 
"W, , he ,er 9 e, subs,re,es Z g a ,^ T " ~ ** 
and o,i 9 onuc,eo,ide are no, pre-mild , 1 " ^ " ™ ri * 

Pa«=m as ,he ma W * m a.e rt a, ,o re-disso,v 2 la! ^ "~ 

«* a-av can he made h y pfccino the 0 „ ^ ^ *»~V. a 

yonucieotide solution on the 
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After deposit 9 ^ of means 

substrate, the arrays can be analy , R , fluorescence, 

5 , e o spectromet-ic techniques, such as UV/VIS. 

• ^ence NMR spectrometry or mass spectrometry. For 
^ 7^ ^ LTelr dispense process, samp, ,oa d ed 
example, subsequent ^ he)d there 

decsribed herein include ionization (II techn,qu 

,- TO - atr ^assistacHase L de.s. a r P ,ion WALDI1. cont in uous or pulsed 

,o matnx ass s« „, Thermospray) . or 

electrospray (ESI) ana reiai matched with 

• m „«rt IMCIV- those ion sources can be matcnea w 

20 ir:;—::- . »*- — n ^ :::r 

TOF, sinole or multiple quadruple, sin g le or multiple magnetic sector, 
Fourier Transform ion cyclotron resonance (FTICR), ion trap, and 
eol ations thereof ...... ion-trapKime-of-flisht, For ,on,za,,on, 

5^222: ,199-1202) or MALDI (U, L. e, a,., (1996! 
Socm: 1662-1663) mass spectrometry. 
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Thus, it will be understood that in „,„ 
~e, y non . contac[ , h|gh s 2 n ; r °" SSeS "erein . 

P-sure *op,e, formation mo ~ SPr8y ° r -"Contact, ,„w 

— , ha , wi „ occur is ZJZZT^- ,n * e ,atter ' - «* 

« a h y droph„ic fla , surface of th ;i ^ a °* - - «* o, the we,, or 

,h8re ^ <*w~. , he needle ' * ^ ~ 

deferred embodiments SU ' ,aCe - 

«*» • -agent such as 3-aminoprop ,-,'et T^" " *" SUPPW 
Co.. MiiwauRee. W„; see Fi gu ,e 7 , ' ' ° ' 6 Ch '™ al 
orftosiiicates can be used and . fan " ta »"«- oxysilanes o, 

15 *ne can be used to functional 'T"^'*^ 
Tne amino-functionaiized siiica c h 7 ™ **" * W 
He-obitunctiona, rea 9 e„, ZZ£ ™" ' 

— ^ 7—- 

Muncionel reagents which can h. ,' m ° _ and he <*'°- 

20 from Pierce. R „ a , ly , £ ^ - «** commerce 

- - —us, is co rrrr wi,h 8 ^ — 

support by reaction of the thtoi f denvatived silica 

- r ^ - — ' « -ecu, 

" «*» reacted with . funotionafaed -id conjugate, which 

«"* acid. Alternatively , ^ ^ ^ -de an im mo b fced 

«•»•* acid and a functioned s„„d 1 * ^ «•» 

— « V sim u „ an e 0 ^ZZS?**'* 

S " nk,n 9 re agent with the 
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nudeic acid and the so.id support. In this embodiment, it will generally 
be necessary to use a heterobifunctional cross-linker, i.e., a cross-linker 
with two different reactive functionalities capable of selective reaction 
with each of the nucleic acid and the functiona.ized so.id support. 
5 The methods provided herein are useful for producing spatially- 

addressable arrays of nucleic acids immobilized on insoluble supports. 
For example, the methods can be used to provide arrays of different 
nucleic acids immobilized on pins arranged in an array. In another 
embodiment, a photo-c.eavable protecting group on the insoluble support 
10 can be selective.y cleaved (e.g., by photolithography) to provide port,ons 
of a surface activated for immobilization of a nucleic acid. For example, 
a silicon surface, modified by treatment with 3-mercaptopro P yl- 
triethoxysilane to provide thiol groups, can be blocked with a 
photocleavable protecting group (for examples of photocleavab.e 
IB protecting groups, see, ^ PCT Publication WO 92/10092, or McCray 
etal ( , 9 89)ArmJievJ*^^ 

selectively deblocked by irradiation of selected areas of the surface, ^ 
by use of a photolit hography mask. A nucleic acid m odified to conta.n a 
thiol-reactive group can then be attached directly to the support, or, 
20 alternatively, a thiol-reactive cross-linking reagent can be reacted w.th 
the thio.-modified support, followed by (or substantially simultaneously 
with) reaction with a nucleic acid to provide immobilized nucleic ac.ds. A 
nucleic acid base or sequence, once immobilized on a support accord.ng 
to the methods described herein, can be further modified accord.ng to 
25 known methods, for example, the nucleic acid sequence can be 

lengthened by performing solid-phase nucleic acid synthesis accord.ng to 
conventional techniques, including combinatorial techniques. 

Insoluble supports comprising nucleic acids are provided here.n. 
Preferably the nucleic acids are covalently bound to a surface of the 
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.„ . "fencing. Exemplary appications ari> 

illustrated in the Examples, 

In preferred embodiments, the covalently bound nucleic acids 
Present on the surface or the insoiuble support a, a derl 3 
10 about 20 fmni/rw upport at a density of at least 

out zo fmol/mm 2 , more preferably at least about 7^ „ 2 

more preferably at least about f™„ 2 ^ ' Sti " 

about 100 fmo L h ' ^ «■'«« 

00 fmo,/mm , and most preferably « , eas t about 150 fmolW 

— e-m„di fyi „ g reaoen, ,„ r modjfyjn8 ZZZZT ^ " ' 
» .Preferably other than a tbioi, which can react 

cross-linking reaaent Th« tniol-reactive 

^ a so,id s : ca I m :;;: op * ona " y inc,ude - ~ 

,due ' ^fl., magnetic m crobeariQ w 
nudeic acids. The * can also indude a r a , ^""^ 
acid witt, a th iol functiona|ity 9em "" n,od ">""fl a nucleic 

!5 In another embodiment, the kit comprises a r»,„ 

•he surface of a supper, with a thiol rnoie^ a I T 
«n g - B en, which can react with a ,hJm 0 i, T 
-in embodiments. ,h, « also inCudes an inslb Z e " . 
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solid surface, ^ ***** im ™ bi " Z,ng " UCleiC 

a0UiS ' The kits described herein can also option* include appropriate 
buffets; containers ,o, holding the rea 8 ents ; and,or instructions or use. 

, ■ . o the entire surface or spatially addressable 

bound with nuclerc acds, SJL, the 

or pre-addressab,e array formats, can be used in a yanety of sohd P^e 
lie acid che.is.ry applications, «ud,hg bu, net limited to nuc, e ,c 
id synthesis (chemically ahd enzymatically), hybridization and,or 
10 elL, and in diagnose methods based * nucleic £ etection - 

, en U.S. Patent No; 5,605,798). 

nolvmorph sm analyses (see, e^, u.^ 

To ordinoly. further provided herein are methods C reac,,n 8 nuc - acd 
m o,eeu,es in which the nucleic acd molecules are — - 
surface either by reacting a thiol-containinfl der,ya„ye of the nuclerc acd 
„ mi l l an insoluble support containing a thiol-reactiye group or by 
Teal a thiol-containing insoluble support with a thiol-reactiye group- 
ing derive o, the nucieic acid molecule and thereafter further 

reacting the immobilized nucleic acid molecules. ag it . irtirthef _ 

,„ a particular embodiment, the immobilized nuclerc acd ,s further 
20 reacted by hybridizing with a nucieic acid that is complementary to the 
rlilizld nucleic acid orapo.cn thereof. 
,he immobilized nudeic acid is further reacted by extension of a 
acid that is hybridized to the immobilized nucleic acid or a portion 
hereof. Extension reactions such as these can be used, tor example, ,n 
25 methods o, securing DNA molecules that are immobilized to an 
insoluble support using the processes described herern. Th» also 
proyided herein are methods o, determining the sequence of a DNA 

molecule on a substrate in which a thiol-containing denyatiye of the DNA 
molecule support contamnfl 

molecule is immobilized on tne sunov- 
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thiol-reactive groups and hybridized with a sinols t „ 
complementary to a portion of th . ""Bonded nucleic acid 

o a portion 0 f the immobilized DNA orinr t« 
DNA synthesis in the present of n Carryin 9 out 

*»"*«. «N* area intended TOre| * £T * ** 

"e construed as iimiting Tne J * "" ,h " " te ™aand shou|(j 

applications, and co n»nw ?«ents, published patent 

~- .t^S aP * a,i0nS ' ^ *"*« «■ 
10 expressly incorporated by reference. 

u- r. ^ EXAMPLE 1 

Materials and Methods 

AH reagents, unless otherwise n«*^ 
Chemical, Mi , waukee> W| notBd ' Were Stained from Aldrich 

15 Silicon Surface Preparation 

Silicon wafers were washed with ethanol f, amP H 
burner, and immersed in an anh.w ° Ver bunsen 

m an anhydrous solution of ?no/ ,u 

am ' n0pro Wltrie,hoxy S „a„e in toluene for 3 „ t " 3 " 
was then removed and ^ , The Silane s °'"«°n 

20 <°>"ene and three „ ^ ^ *~ *- with 

-e .en inll ^ atT7 ""^ ^ — 

aureus DMSO. Fo „ owing ,„„ , , T^' ' U 
amoved, and the wafers were washed th ° n "~ 

B -nee i, was ^ "*» ° MS °. 

- «*» 9 ro up while on the s„, id Z^TT" " *** 

aver chromatography (TLC , (g|ass backe ~^ *»• ™» 

foreseen, indicator, IBate , PhiMipshurg NF) was 7 3 ^ ™ 

urg, NF| W a s emp | oyed us|ng ^ 
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th.noi (Baker Phillipsburg, NJ) which enabled separation 
chloroform-.methanol (Baker, rnn h « 

of the ,wo starting materials. „ was possible to v.sua hze 

starting materia, under ion, wave ultraviolet iight ,302 nrn ; 3- 

am inopropy„r,e,hoxys„ane was no, active under u,,rav,o, t „ght 

. hreflethe piate was sprayed w„h a soluuon o, nin ydnn w - 
reacts with primary amines to revea, a purple spot upon heating. A 
::la,e reaction was run in — ° ^ 
less of S,AB in comparison to *aminopropyltriethoxys„ane and 
m „„itored with the above mentioned TLC conditions. 

10 Oligonucleotide Modifications 

Reduction o, the disulfide from 3'- or .■.disul.ide-conta.n.g ^ 

Wilsonville. OR) was monitored using reverse-phase FPLC ,Pharmac,a. 
Piscataway NJ); a shift can be seen in the retention t,me of the 
Piscataway, iui. , rti=i,Hide Various reduction 

1B oligodeoxvnucleotide upon cleavage of the d,sulf,de. va 

Jthods were investigated to determine the optima, condrt,ons. In on 
Tas the disulfide-containing o,igodeoxynuo,eo,ide ,31 .Bnmo, O.omW 

1 ncubated^t h dithiothreitol {DTI] (Pierce Chemical, _ 

(6 . 2 mmol, 100 m M , as P H 8.0 and 37-C. With the cleavage r.c ,on 
20 essentia,, complete, the free thiol-containing o»^- « 
iS o,ated using a Chromaspin-10 column (Contech. Palo Alt . CA, s,nce 
DTT may compete in the subsequent reaction. Alternately, ,ns-,2- 
clxyethy,, ,TCEP, fPierce Chemical. KocHord. ,U) has been 

used to cleave the disulfide. The disulfide-containing 
2 6 oligodeoxynucleotide ,7.2nmol. 0.36m M . was incubated w,th TCEP n pH 
4 5 buffer at 37°C. ,t is not necessary to isolate the product fo,low,ng 
the reaction since TCEP does not competitively react with the 
iodoacetamido functionality. Varying concentrates of TCEP were 
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Probe Coupling 

• o, „Ve h0 J ^ reaC, ' 0n - — » proceed for 

lowing the reacon h T Sra,Ure " '°° % re ' 3,iV6 hu ™*V 

10 a„ d , ne i,e re : ;: i e e °; t 9odeoxvnuc,e<,,ide •**» *- ~ 

" re washed two times in 5 X <?<?r u « 
sodiun, citrete. 750mM Mdium ch 5 * SS = * <75m M 

C.eve, and . OH, „ es-c for , ^ " % 

°«a™i„ at i 0 „ of Probe Densl ^ 

20 of ,n. S^ sulfide . c ;t I ; '7 ~ ' *»" ( 0.6„ M) 

(ddATP, IAmersham , Af(in [Z^T^^ 

^ynudeotidy, , ransferase U "' ,S ' ,he *»■«, 

25 w as a ,lowed ,o proceed for „„. „ t " i " ld ' ° H) ' ,he 

H'uueea ror one hour at 37°c a*. 

-action was stopped by immersion of ^ " *• 
-inute, and tne produc , was ^ " ^ water oatn for ten 

'Clontech, Pal0 A/t0> CA| .... " Sm9 8 cl "°™ S pin-10 co | urnn 

0li -~o, id ew:^ 
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,„ cases where a 3'-disulfide-con,aming oligodeoxynucleotide was 
t0 be immobilized, the 5'-,erminus was radiolabeled using T4 
polynucleotide kinase and a radiolabeled nucleoside triphosphate. Fo, 
example. IBpmol I0.6„M> of the 3'-disulfide-conta,n,ng 

Vfn adenosine-5'triphosphate (ATP) (Amersham. Arl.ngton He,ght, IU 
in , h e presence o. oOmM Tris^l.P* 7.6. ,0mM MgCI,, WnM 2- 
mercaptoethanol. Following the addition o, 40 units or T4 pc ynuc,o,,de 
ki nase. the reaction was 
,0 reaction was stopped by immers.on of the v,al ma L w 

,e„ minutes, the product was then isolated using a Chromasp.n-l 
column (Clontech, Palo Alto, CA). 

To determine the density of covalently immobilized probe, the 
oisulfide-containing oligodeoxynucleotide of choice was added to a trace 

above. The disulfide was cleaved, the probe was immobilized on 
iodoacetamido-functionalized wafers, the wafers were washed, and then 
_ »vposed t o a phosphorimager screen (Molecular Dyn amics, Sunnyvale^ 
CAI For each different oligodeoxynucleotide utilized, reference-spots 
20 were made on polystyrene in which the molar amount of 

oligodeoxynucleotide was known; these reference spots were exposed 
the phosphorimager screen as well. Upon scanning the screen, the 
quantity (in moles) of oligodeoxynucleotide bound to each ch,p was 
determined by comparing the counts to the specific activities of the 
25 references. 
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Hybridization and Efficiency 

To d« WMhed tW ° ,imes wi,h TE buffer 

To de,erm,„e, he amoun, of oligonucleotide hybridized 
™ a ,io„ of ,he probe was first carrie(J ^ ^ ' 
-ep, that ,he probe was labeled ^ ^ ^Th, 7 

'0 of rmmobfeed probe was det err„ in e d witn tne V" The de ™* 

- -me wafer was incubated , T£ ^ * ™-r. Nex, 

complementary strand no,*,, which h„d k 

Hybridization was carried labeled with "ft. 

carned «"« as previously de=crih»rt c „ . 

- re m0 ye non . specific binding the wafe / a d ;x ep J ° w,n9 . 

15 e phosphorimeger screen wi, h , D ,w „, " " W ex " os ^ » 

end ,he wafer. The coppe^i, ! ~— 

iwass Spectrometric Analysis 

«° ID NO. 2 , was hybridiMd . Th 3 e ; ^ 64,50a; 
-monium citrate buffer for oa,ion excha 1^ 5 ° mM 
~m ions o„ th e DNA bac^ ^ * ^ « 
21:3,91.3,9b, a • a '" ,1993) /Vuc/ - 

"'3,96,. * ^solution 0,3-hydroxypicolinic acid 
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(3-HPA 0 7 M in 50% acetonitrile, 10% ammonium citrate; Wu, K.J., et 
al (1993) Rapid Common. Mess Spectrom, 7:142-146) was spotted 
onto the wafer and a.iowed to dry at ambient temperature. The wafers 
were attached direct.y to the sample probe of a Finnigan MAT (Bremen, 
5 Germany) Vision 2000 reflectron TOF mass spectrometer us.ng a 

conducting tape. The ref.ectron possesses a 5 k eV ion source and 20 
k eV post-acceleration; a nitrogen laser was employed; and a., spectra 
were taken in the positive ion mode. 

Results 

TO Surface Chemistry 

Employing standard silicon dioxide modification chemistry, a s.l.con 
wafer was reacted with 3-aminopropylt.iethoxysilane to produce a 
uniform .ayer of primary amino groups on the surface. As shown ,n 
Figure 7, the surface was then exposed to a heterobifunctiona. 
15 crossiinker resulting in iodoacetamido groups on the surface. It was 

possible to determine the optima, reaction time of this reaction in so.ut.on 
using TLC. The SIAB crossiinker was visualized under long wave 
ultraviolet light (302nm) to reveal a spot with an R t value of 0.58. 3- 
aminopropyltriethoxysilane was not active under ultraviolet light, 
20 therefore, ninhydrin was used to reveal a purple spot indicating the 

presence of a primary amine at the baseline. A microscale reaction was 
run using a slight molar excess of SIAB in comparison to 3- 
aminopropyltriethoxysilane; TLC analysis after approximately one m.nute 
revealed a new spot visible under long wave ultraviolet light with an R f 
25 value of 0.28. There was no evidence of a purple spot upon spray.ng 
with ninhydrin, thus al. the 3-aminopro P yltriethoxysilane start.ng matenal 
had been consumed in the reaction. UV light also revealed the excess 
SIAB which remained fo.lowing the reaction. From these results, it was 
determined th reaction is complete after approximately one m.nute. In 
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all cases, the iodoacetamido-funcionalized wafers 
~,e,y «o minimize hydro|ysjs of , he jod 
-ionaiity. Additionall , a „ further ^ ~- 

. i:sr m,hedarksi ^^ 

determined that after ft™ h_ • ' " was 

T „ c „ ,,ve hours ln th e Presence of DTT 110n m M 

TCEP (tOmM). the disulfide was fully reduced to . f „ 
10 -con was allowed to proceed for a C i™ I " ^ 
*~ ^med in which pairs of free thiols sT^ 
was also observed when -he DTT w *merization 

o. «he cleavage reaction ThisT ^ f °"° Win ° 

y react| on. This dimerizaticn was nr* «k„ 
TPPP . not observed when 

dimerizatio, * *" *'* "~ inhibiting 

immediately following disulfide cleavage, the mo di«ed 
ol,gonucleotide was incubated with th. • ^ 
wafers T„ „„. ,odace,a rni1<=-functionali Z ed 

-emistry of silico^ ^ * ~ 

Phosphorimager The probe . " T * »° b " ^ • 

'unction of , he TCEP Tone , * 3150 m ° ni, <"«' - • 

-ction (Figure 8, U , n * 

11 tn 9ure b). Using 10mM TPFP +~ ~i 

» other reaction conditions described !! ^'^ " d *• 

-Id a surface density „ 260 1 0 D ' " ~ * ~»V 
— ents as descried " 
^nucleotide probe laCed a thio, ^ * 
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m inima. and that probe coupling most likely occurred as proposed in 

Figure 7. 

Hybridization 

After attaching "S-.abe.ed probes to the surface of wafers and 
5 determining conjugation density as described above, hybridization of P- 
lab eled oligonucleotides was carried out; hybridization efficiency and 
density were determined using the phosphorimager and copper fori. It 
was determined experimentally that copper foi. blocks 98.4o/ 0 of an S 
signal, while fuliy allowing a 32 P signal to be detected. The 
10 complementary sequence reproducib.y hybridized to yield 105 fmo, per 
square mm of surface; this corresponds to approximately 40% of the 
conjugated probes available for hybridization. Similarly, a non- 
complementary sequence was employed in this scheme yielding less than 
5 fmol per square mm of surface in non-specific bind.ng. 
! 5 It is hypothesized that stearic interference between the tightly 

packed oligonucleotide on the flat surface inhibits hybridization 
efficiencies higher that 40%. With this in mind, a spacer molecule was 
incorporated between the terminus of the hybridizing region of the 

ol^on^leotide and the support. Th^fiowrspace^ 

20 poly dT sequences ranging in .ength from 3 to 25. Upon examination of 
these samples with radiolabels and the phosphorimager, .t was 
determined that 40% was still the maximum hybridization that could be 

achieved. 

MALDI-TOF MS Analysis 
25 Wafers were functionalized with probes, complementary 

sequences were hybridized, and the samples were analyzed under 
standard MALDI conditions as described above. Analysis revealed that 
only the annealed strand (MJM6) was observed in the mass spectrum 
with an experimental mass-to-charge ratio of 6415.4; the theoretical 
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mass-to-charge ratio is 6415 (Fiourp Pi c- 

2-- .z'jzrzzz: 

9 as stab!e - nou 9h to withstand the laser *nH , 

6262.0. This signal results from a depurina ion ^ "** °' 

Known that DNA is susceptibie t0 tn3 ~ °' <• 

10 h °™ 9 -ou Sly distrlbuted , tbus „ j - ^ ! j: r not 

SPO. . Because o, this non-homogene J T e 

* -ere,,, rang6d from ^ 'T** ^ *« 

mass spectra. In cne set of . • oligonucleotide in , he 

were H^ IZ^LZT^ ^"'^ 

« ov M ALD , T0 ; M T;e2::r 8sh as previous,v 

- -en piece since no — «*■ 

EXAMPLE 2 
- -MM DNA targets ,„ silioon wafere 

'ne SIAB-conjugated silicon wafers w«r e „i 
20 speciic free thioi-containing DNA ^1 '° 

target sequence. 9 °' ' Pa " icUlar am P»««< DNA 

As shown in Figure 10 a rv^ 
a — iin^e L based ZZT* 
3. .ha, is complementary to the S'-regio ^ SE ° '° N * 

25 DNA tempiate , Ge neban k Acc. Nc • . ' „ hU ™" 

* in c 0 „ ju „c,ic„ wlth . ; a : ^ - - - 

which is co mp ,eme„, 8ry t0 . portion „ f J 3 ^ < 9 ™ P"™er. 

(purchased from Ooeron T.,h„ , • ,he 9enomic DN * 

om operon Technologies; SEQ ID NO- 51 i„ pr-R 

0| - ,n PCR reactions 
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to amplify a 135 bp DNA product containing a 5'-disulfide linkage 
attached to only one strand of the DNA duplex ISEQ ID NO: 6]. 

The PCR amplification reactions were performed using the 
Amplitaq GoldKit [Perkin Elmer Cataolog No. N808-0249]. Briefly, 200 
5 ng 112 bp human genomic DNA template was incubated with 10//M of 
23-mer primer and of commercially available 49-mer primer, 10 mM 
dNTPs, 1 unit of Amplitaq Gold DNA polymerase in the buffer provided 
by the manufacturer and PGR was performed in a thermocycler. 
The 5'-disulfide bond of the resulting PCR product was fully 
10 reduced using 10 mM TCEP as described in EXAMPLE 1 to generate a 
free 5'-thiol group. The DNA strand containing free-thiol group was 
conjugated to the surface of the silicon wafer through the SIAB linker 
essentially as outlined in Figure 7. 

The silicon wafer conjugated with the 135 bp thiol-containing DNA 
15 was incubated with a complementary 12-mer oligonucleotide [SEQ ID 
NO: 7] and specifically hybridized DNA fragments were detected using 
MALDI-TOF MS analysis. The mass spectrum revealed a signal with an 
observed experimental mass-to-charge ratio of 3618.33; the theoretical 
mass-to-charge ratio onfieHTWtfigww^ 
20 Thus, a specific DNA target molecule that contain a 5'-disulfide 

linkage can be amplified. The molecules are immobilized on a SIAB- 
derivatized silicon wafer using the methods described herein and specific 
complementary oligonucleotides may be hybridized to these target 
molecules and detected using MALDI-TOF MS analysis. 
25 Example 3 

Spectrochip mutant detection in ApoE gene 

This example describes the hybridization of an immobilized 
template, primer extension and mass spectrometry for detection of the 
wildtype and mutant Apolipoprotein E gene for diagnostic purposes. This 
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example demonstrates that immobilized. DNA molecules containing a 
*pec„c sequence can be detected and distinguished using pnmer 
extension of unlabeled aileie specific primers and anaiysis of the 
extension products using mass spectrometry. 
5 A 50 base synthetic DMA template complementary to the codino 

equence of a„e,e 3 of the wil.dtype apoprotein E genl 

; S E~rr cc ™^ 
10 i:r :,:rr 5 r nt apoi,p ~ e - — «• - 

containing a 3'-free thiol group was counipH t. 

... y p was cou Pled to separate SIAB-derivati7PH 

A 21-mer oligonucleotide primer 
B'-OAT GCC GAT G AC CTG CAG AAG-3' ,SEQ ID NO: ,9, was 

extended us,n g a commercial available tt (e.g., Se q uenase or 
Thermosequenase. U.S. Biochemical CorpJ. The addition „, <= 
™A polymerase or Thermosequenase DNA p r^T n h 
:::; = deoxyribonucleoside triphosphates fdNTPs ^ 

template encoding the wiidtvpe apolipoprotain E gene and aT 
extension o, the 21 -mer primer bound to the immobi^temp t ' 
encod,n 9 the mutan, form „ f apo|ipoprotein £ 
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The wafers were analyzed by mass spectrometry as described 
herein. The wildtype apolipoprotein E sequence results in a mass 
spectrum that distinguishes the primer with a single base extension (22- 
mer) with a mass-to-charge ratio of 6771.17 Da (the theoretical mass to 
5 charge ratio is 6753.5 Da) from the original 21-mer primer with a mass- 
to-charge ratio of 6499.64 Da. The mutant apolipoprotein E sequence 
results in a mass spectrum that distinguishes the primer with a three 
base extension (24-mer) with a mass-to-charge ratio of 7386.9 (the 
theoretical mass charge is 7386.9) from the original 21-mer primer with a 
10 mass to charge ration of 6499.64 Da. 

EXAMPLE 4 

Preparation of DNA arrays using serial and parallel dispensing tools 

Robot-driven serial and parallel pL-nL dispensing tools were used 
to generate 10-10 3 element DNA arrays on <1" square chips with flat or 
1 5 geometrically altered (e.g. with wells) surfaces for matrix assisted laser 
desorption ionization mass spectrometry analysis. In the former, a 
'piezoelectric pipette' (70 //m id capillary) dispenses single or multiple 
-0.2 nL droplets of matrix, and then analyte, onto the chip; spectra 

tor^toWiiTOn^^ 

20 procedure. Despite the fast ( < 5 sec) evaporation, micro-crystals of 3- 
hydroxypicolinic acid matrix containing the analyte are routinely produced 
resulting in higher reproducibility than routinely obtained with larger 
volume preparations; all of 100 five fmol spots of a 23-mer in 800 //m 
wells yielded easily interpreted mass spectra, with 99/100 parent ion 
25 signals having signal to noise ratio of >5. In a second approach, probes 
from 384 well microtiter plate are dispensed 16 at a time into chip wells 
or onto flat surfaces using an array of spring loaded pins which transfer 
-20 nL to the chip by surface contact; MS analysis of array elements 
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deposited with the paralle, method are comparaWe |n , erms of 

and resolut.on to those made with the serial method. 
Description of the piezoelectric serial dispenser 
The experimental system developed from a system purchased from 

r: ?: GmbH ' N ~ Ge " manv and - — ■ -~ 

temen, dnver ^ sends , pu|$ed signa| ^ ^ 

bonded to and surrounding a glass capii.ary which holds the solution to 
be dispensed; a pressure ttansducer to load ,by negative pressure, or 
empty (bv P o s i, iV e pressure) the capi| , ary; . ^ 

;:: rrr the capi,iary ,or !oadin9 ' . «- 

otanmg. a stroboscope and driver pu.'sed a, the frequency o, the piezo 
element to enable viewing o, .suspended' dro P ,e, characteristics- 
separate stages for source and designation plates or sample targets (i.e. 
S, ch,p,; a camera mounted to the robotic arm to view loading to 

TZr T and 8 data s,a,ion which ~ ,he p — 

xyz robot, and piezoelectric driver. 

Description of the parallel dispenser 

The robotic pintoo, consists of 1 6 pro bes housed in a probe block 
and mounted on an X Y, Z robotic stage. The robotic stage Is Z v 

•he robot. The gantry unit itsei, is composed of X and V arms which 
17 ; d 400 '~V. guided by brushless iinear si 
™ o rs w „h positional feedback provided by linear optica, encoders. A 
ad screw dnven Z axis ,50 mm verhca, trave,, is mounted to the xv axis 
* s, e of the gantry unit and is controlled by an in,ine rotary servo m , 

P os„iona, feedback by a mcor-mounted rotary optical encode e 
w k of the smem , s equ . wjth a s|jde - The 

noids f,ve m,crot,er plates ,mos, often, 2 plates o, wash solution an 3 
P'ates of sample for a maximum oM , 52 different oiigonucleoti 
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solutions) and up to ten 20x20 mm wafers. The wafers are placed 
precisely in the plate against two banking pins and held secure by 
vacuum. The entire system is enclosed in plexi-glass housing fo, safety 
and mounted onto a steel support frame for thermal and vibrational 
5 damping. Motion control is accomplished by employing a commeraal 
motion controller which was a 3«xis servo controller and is integrated to 
a computer; programming code for specific applications is written as 
needed. 

Samples were dispensed with the serial system onto several 
10 surfaces which served as targets in the MALDI TOF analysis inc.ud.ng [1] 
A flat stainless steel sample target as supplied for routine use ,n a 
Thermo Bioanalysis Vision 2000; 12] the same design stainless steel 
target with micromachined nanopits; [3] flat silicon (Si) wafers; [4] 
polished flat Si wafers; 15] Si wafers with rough (3-6 pLm features) p.ts; 
15 [61(a) 12x12 or ((b) 18x18) mm Si chips with (a) 10x10 (or (b) 16x16) 
arrays of chemically etched wells, each 800x8001. m on a side w.th 
depths ranging from 99-400 (orlb) 120) micrometer, pitch (a) 1.0 (or(b) 
1 125) mm; [71 15x15 mm Si chips with 28x28 arrays of chem.cally 

In ched wells, each 450x450 n, i cromet eron-a- S ide-with-dept-hs-r-ang,ng— 

20 from 48-300 micrometer, pitch 0.5 mm; [8]flat polycarbonate or other 
plastics; [9] gold and other metals; [10] membranes; [11] plastic surfaces 
sputtered with gold or other conducting materials. The dispensed 
volume is controlled from 10'° to 10" 6 L by adjusting the number of 
droplets dispensed. 
25 Sample Preparation and Dispensing 

1 . Serial 

Oligonucleotides (0.1-50 ng/microliter of different sequence or 
concentrations were loaded into wells of a 96 well microtiter plate; the 
first well was reserved for matrix solution. A pitted chip (target 6a .n 
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MALDI targets' section) was placed on the S t*n« a „ , 

7° rd ' na,eS *" *« array size ,ie number of spo ' * , 

V. and spacing between elements, and the number of 0 ' nL d 

oma,,ca,,y moyed in view of . ^ A 

**• " P ime9ri,y «*»• ^ continuous puise 

nd emptied. The capillary was then f i„ed with matrix sol " 

P ad urfaces. For reproducing studies in different MS modes 

typically a 10x10 array of 0 2-2(1 m ^. . 

L dr °P | ats were dispensed Th= 

added ::::: ma,r,x spo,s with °- 2 - 2 ° * ~ «*■*» 

2. Parallel 

Parallel Programs were written to mntmi 

»e target le o Si m=«- ce plate - mov ad to 

comae The , meta "' ^ ** SamP ' e ^ by ^ 

contact The tool was then dipped into tne ^ „ 

on the second target; this cycle was repeated on al, ,e„ 1 
the too, was dipped in washing solution the I p " 
» we„s of the source plate, and spotted onto the , ge, Sm l 
from the initial set of 1 6 spots- aa „i„ 0ffMt 
- - - was repe~ ^ ~ « J ' ° — 
Produce an S*8 array of spots , 2x2 elements^ T 
elements spotted). P ' ns = 64 total 
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To make arrays for MS analysis, oligonucleotides of different 
sequences or concentrations were loaded into the wells of up to three 
different 384-well microliter plates, one set of 16 wells was reserved for 
matrix solution. The wells of two plates were filled with washing 
5 solution. The five microtiter plates were loaded onto the slide-out tooling 
plate. Ten wafers were placed abutting the banking pins on the tooling 
plate, and the vacuum turned oh. In cases where matrix and 
oligonucleotide were not pre-mixed, the pintool was used to spot matrix 
solution first on all desired array elements of the ten wafers. For th.s 
10 example, - a 16x16 array was created, thus the tool must spot each of 
the ten wafers 16 times, with an offset of 1.125mm. Next, the 
oligonucleotide solution was spotted in the same pattern to re-dissolve 
the matrix. Similarly, an array could be made by placing the 
oligonucleotide solution on the wafer first, followed by the matrix 
15 solution, or by pre-mixing the matrix and oligonucleotide solutions. 
Mass spectrometry 

Subsequent to either dispensing scheme, loaded chips were held 
onto a MALDI-TOF source plate With a set of beveled screw mounted 
polycarbonated supports. The plate was transfeWdwthe end-of-a 
20 probe to be held onto a 1 /im resolution, 1 " travel xy stage (Newport) in 
the source region of a time-of-flight mass spectrometer. The instrument, 
normally operated with 1 8-26 kV extraction, could be operated in linear 
or curved field reflectron mode, and in continuous or delayed extraction 
mode. 
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RESULTS 

Serial dispensing with the piezoelectric pi pe „ e 
While delivery of a saturated 3HPA solution can result in tip 
ciooo.ng as the solvent a, the capillary-air interlace evaporates 1 
5 m,x,n B DNA and matrix sufficiently diiutes the matrix such , a 'i, • 
- -ution -* stahle sprays which could be ^Z^^T" 

10 * - *- — - ~ :::: ::::i:ir:r. Turnin9 

Initial experiments using stainless steel sample tar^tc 

mp.e target. In a single microtiter well *50«i ^ * ^ 
solution, 25//L of a SlaL «m,,f ', u ^ saturated matrix 

* ot a solution of the 12-mer (ATrctw ^ nr - 

~- - ~ »- «™» — :«Z.T,st " * 

- «. „„„„, , ., Evened «, „ ...I' ~ "~ 

optionally, th wells can be roughed or pitted As d «rr* , u 

against a raised 
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x and y coordinate systems with respect to the capillary. (Alternatives 
include optical alignment, artificial intelligence pattern recognitor! 
routines, and dowel-pin based manual alignment). Into each we., was 
dispensed 20 droplets ( ~5 riU of 3-HPA matrix solution without analyte; 
5 for the 50% CH 3 CN solution employed, evaporation times for each 
droplet were on the order of 5-10 seconds. Upon solvent evaporation, 
each microdispensed matrix droplet as viewed under a 120X 
stereomicroscope generally appeared as an amorphous and 'milky' flat 
disk; such appearances are consistent with those of droplets from which 
10 the Figure 3b spectrum was obtained. Upon tip emptying, rinsing, and 
refilling with a 1.4*m aqueous solution of a 23-mer DNA (M r (ca.c) = 
6367 Da), the capillary was directed above each of the 100 spots of 
matrix where 5nL of the aqueous DNA solution was dispensed d.rectly on 
top of the matrix droplets. Employing visualization via a CCD camera, it 
1 5 appeared that the aqueous analyte solution mixed with and re-dissolved 
the matrix (complete evaporation took -10 sec at ambient temperature 
and humidity). The amorphous matrix surfaces were converted to true 
micro-crystalline surfaces, with crystalline features on the order of 
< 1//m. 

20 Consistent with the improved crystallization afforded by the matrix 

re-dissolving method, mass spectrum acquisition appeared more 
reproducible than with pre-mixed matrix plus analyte solutions; each of 
the 100 five fmol spots of the 23-mer yielded interpreted mass spectra 
(Figure 12), with 99/100 parent ion signals having signal to noise ratios 
25 of > 5; such reproducibility was also obtained with the flat silicon and 
metallic surfaces tried (not shown). The Figure 12 spectra were obtained 
on a linear TOF instrument operated at 26 kV. Upon internal calibration 
of the top left spectrum (well 'k1') using the singly and doubly charged 
molecular ions, and application of this calibration file to all other 99 
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HIT" eXtema ' Calibr3,i0 '" F ^ re a s,andar d deuiation of <g 

" M * he ; Vera9e obtained. corresponding 

relative standartl d eviation of - 0. 1 %. 

Parallel dispensing with the robotic pintool 
5 Arrays were ma d e with offset printing as d escri„e d above The 

velocity of the X and Y stages are 35 in.h. , 

7 «„>„„• « are. 35 inches/sec, and the velocity of the 

Z -9. .3 5.5 ,nches/sec. „ is possible to move the X and Y J 

r mUm * - «** ti.es, hoJe e r e s r .I 

-age „ t0 be decreased prfor ^ ^ ^ ' 

a- dd a .aging i, ^ such axes spee.s, the approve cyc t I t o 
spot 1 6 elements (one tool impression of th« 

w*. is 20 seco„ d s. so ,c nTT.^:^ *" 

co- v of 256 e| ements would takp 

Sample Celivery by the tool was examined using radio-labeled 
ut,ons and the phosphorimager as described previously, i, w 
determ.ned tha, each pin delivers approximately 1 nL of (i ' ! h 
20 .o-s P o,repro du cibili,yishigh. An array of 25B POt " 
varying se qu ence and L^^^TT ^ 

EXAMPLE 5 

2s Use o, „ igh oensrty Nuc ,e,c Acid , mmo b„ lMtion to Genera , e ^ ^ 
EXAMpTm"" 9 ^ d6nSitV attaChmem ™°«™ — *- in 

~: a :::ii ~ ,e to maldi - tof - 

urTace - To generate the 
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array, a free thiol-containing oligonucleotide primer was immobilized only 
at the selected locations of the wafer see Figure 14]. Each 
location of the array contained one of three different oligomers. To 
demonstrate that the different immobilized oligomers could be separately 
5 detected and distinguished, three distinct oligonucleotides of diffenng 
le ngths that are complementary to one of the three oligomers were 
hybridized to the array on the wafer and analyzed by MALDl-TOF mass 

spectrometry. 

Oligodeoxynucleotides 
10 Three sets of complementary oligodeoxynucleof.de pairs were 

synthesized in which one member of the complementary oligonucleotide 
pair contains a 3'- or B'-disulfide linkage [purchased from Operon 
Technologies or Oligos, Etc.]. For example, Oligomer 1 
[d(CTGATGCGTCGGATCATCTTTTTT-SS); SEQ ID NO: 8] contains a 3'- 

15 disulfide linkage whereas Oligomer 2 [d(SS- 

CCTCTTGGGAACTGTGTAGTATT); a 5'-disulfide derivative of SEQ ID 
NO: 31 and Oligomer 3 [d(SS-G A ATTCG AGCTCGGTACCCGG) ; a 5'- 
disulfide derivative of SEQ ID NO: 11 each contain a B'-disulfide linkage. 
The oligonucleotides complementary to Oligomers 1-3-were 
20 designed to be of different lengths that are easily resolvable from one 
another during MALDl-TOF MS analysis. For example, a 23-mer 
oligonucleotide [SEQ ID NO: 9] was synthesized complementary to a 
portion of Oligomer 1, a 12-mer oligonucleotide [SEQ ID NO: 7] was 
synthesized complementary to a portion of Oligomer 2 and a 21 -mer 
25 [SEQ ID NO: 2; sequence denoted "MJM6" in EXAMPLE 11 was 

synthesized complementary to a portion of Oligomer 3. In addition, a 
fourth 29-mer oligonucleotide [SEQ ID NO: 101 was synthesized that 
lacks complementarity to any of the three oligomers. This fourth 
oligonucleotide was used as a negative control. 
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Silicon surface chemistry end DNA immobi.ization 
(a) 4x4(16-!ocation)array 

torn, of a 16 X 16 well array ms p Urchased f 

~tt ,Acce,era,or re ^ c °- — — . 

exas ]. The wells were 800 X 800 pm 2 1 20 «m h 
Ditch Th« ' ^ dee P- on a 1 . 1 25 

Pitch. The silicon wafer was reacted vA/ith -a • 

exp 0sed t the heterobjfunctiona| cross|jnker s|ab ^ n d then 

' 0d0aC ; ,amidO ,U ~'- « ^, see fi9 l 

To prepare the oligomers for couolino - >h„ , ■ 
- — n array, the di s u ,f ide bond J^"** ^ °' 

r i» r TCEP as ^ h ^r:;:: rsduced 

m cutter, pH 8.0. Immediately following disulfide bond 
re d dUCt '° n ' ^ "«* of the Cigomer w s 

■odoacetamido functionality at 1 6 m. a f 

the separate couplinn a, , 6 .w . , accomplish 
» surface of the wafe w l n0 " °T " " «" ^ 

but. instead, an !, , *" °" 9 °™ cte °™a "Won 

256 we„s on the wafer to create a 4 x 4 2 or Ir'^ " 
a Pin too, as described herein ,see el I n " * "*« 

» Examp,e 4 provided herein,. * ^ D ~" « 

-ir::;:: : ir 0 ;:;r of modi,ied o,i9om - - - 

- — — ,ere by lea J ' ~ T " f "* °" 
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hand corner of the 4 x 4 array and Oligomer 2 was conjugated to the 
adjacent location, and so forth. An illustration of the completed array is 

shown in Figure 14. 

In carrying out the hybridization reaction, the three complementary 

5 oligonucleotides and the negative control oligonucleotide were mixed at a 
final concentration of 10 //M for each oligonucleotide in 1 ml of TE buffer 
[10 mM Tris-HCI, pH 8.0, 1 mM EDTA] supplemented with 1 M NaCI, 
and the solution was heated at 65°C for 10 min. Immediately thereafter, 
the entire surface of the silicon wafer was flushed with 800 //I of the 
10 heated oligonucleotide solution. The complementary oligonucleotides 
were annealed to the immobilized- oligomers by incubating the silicon 
array at ambient temperature for 1 hr, followed by incubation at 4°C for 
at least 10 min. Alternatively, the oligonucleotide solution can be added 
to the wafer which is then heated and allowed to cool for hybridization. 

15 An illustration of the complementary oligonucleotides annealed to the 
specific oligomers covalently immobilized at each location is shown in 
Figure 15. 

The hybridized array was then washed with a solution of 50 mM 
~~"a7n~monium citrate buffer foTcation exchange to-femwe-sodium-and 
20 potassium ions on the DNA backbone (Pieles, U.-et al., (1993) Nucl. 
Acids Res., 21:3191-3196). A 6-nl aliquot of a matrix solution of 3- 
hydroxypicolinic acid [0.7 M 3-hydroxypicolinic acid-10 % ammonium 
citrate in 50 % acetonitrile; see Wu et al., Rapid Commun. Mass 
Spectrom. 7:142-146 (1993)] was added to each location of the array 
25 using a piezoelectric pipette as described herein. 

The solution was allowed to dry at ambient temperature and 
thereafter a 6-nl aliquot of water was added to each location using a 
piezoelectric pipette to resuspend the dried matrix-DNA complex, such 
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that upon drying at ambient temperature the matrix-DNA compiex forms 
a un.form crystalline surface on the bottom surface of each location 
MALDI-TOF MS analysis 

The MALDI-TOF MS ana.ysis was performed in series on each of 
5 the 1 6 locations of the hybridization array illustrated in Figure 1 5 

essentiaily as described in EXAMPLE 1 . The resulting mass spectrum of 
ohgonucleotides that specifica.ly hybridized to each of the 16 .ocations of 
the DNA hybridization array is shown in Figure 16. The mass spectrum 
revealed a specific signal at each location representative of observed 
10 experiments mass-to-charge ratio corresponding to the specific 
complementary nucleotide sequence. 

For example, in the locations that have only Oligomer 1 conjugated 
thereto, the mass spectrum revealed a predominate signal with an 
observed experimental mass-to-charge ratio of 7072.4 approximate^ 
15 equal to that of the 23-mer; the theoretical mass-to-charge ratio of the 
23-mer is 7072.6 Da. Similarly, specific hybridization of the 12-mer 
ohgonuc.eotide to the array, observed experimental mass-to-charge ratio 
of 3618.33 Da (theoretical 3622.4 Da), was detected only at those 

20 M7l 0 rr njU9ated ° ,i9 ° mer 2 ^— -Pecific hybridization of 
20 MJM6 (observed experimental mass-to-charge ratio of 641 5 4, was 

detected only at those .ocations of the array conjugated with Oligomer 3 

[theoretical 6407.2 DaJ. 

None of the locations of the array revealed a signal that 
corresponds to the negative control 29-mer oligonucleotide .theoretical 
mass-to-charge ratio of 8974.8! indicating that specific target DNA 
molecules can be hybrids to oligomers covalently immobilized to 
specmc locations on the surface of the silicon array and a plurality of 
hybr,d,za,ion assays may be individually monitored using MALDI-TOF MS 
analysis. 
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{b) 8x8 (64-location) array 

A 2 X 2 cm 2 silicon wafer having 256 individual depressions 
or wells that form a 16 X 16 array of wells was purchased from a 
commercial supplier [Accelerator Technology Corp., College Station. 
Texas ] The wells were 800 X 800 //m 2 , 1 20 /im deep, on a 1 .1 25 
pitch The silicon wafer was reacted with 3-aminopropyltriethoxysilane 
to produce a uniform layer of primary amines on the surface and then 
exposed to the heterobifunctional crosslinker SIAB resulting in 
iodoacetamido functionalities on the surface [aju. see Figure 7]. 

Following the procedures described above for the preparat.on of 
the 1 location DNA array, Oligomers 1-3 were immobilized to 64 
locations forming an 8 X 8 array on the 256 well silicon wafer, 
hybridized to complementary oligonucleotides and analyzed by MALDI- 
TOF MS analysis. Figure 17 shows the mass spectrum of the 64- 
1 5 location DNA array analyzed in series by MALDI-TOF analysis. As shown 
for the 16-location array, specific hybridization of the complementary 
oligonucleotide to each of the immobilized thioi-containing oligomers was 
observed in each of the locations of the DNA array . 

EXAMPLE 6 



10 



20 Extension of hybridized DNA primers bound to DNA templates 
immobilized on a silicon wafer 

The SIAB-derivatized silicon wafers can also be employed for 
primer extension reactions of the immobilized DNA template using the 
procedures essentially described in U.S. Patent NO. 5,605,798. 

As shown in Figure 18, a 27-mer oligonucleotide [SEQ ID NO: 11] 
containing a 3'-free thiol group was coupled to a SIAB-derivatized silicon 
wafer as described above, for example, in Example 1. A 12-mer 
oligonucleotide primer [SEQ ID NO: 12] was hybridized to the 
immobilized oligonucleotide and the primer was extended using a 



25 
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™ cially available kit [sju Sequenase of T 

Biochemical Corp] The adrfitinn n * c 

Therms Sequenase DIMA polymerase or 

ThermoSequenase DNA polymerase in the presence of three 
deoxynbonucleoside triphosphates (dNTPs; dATP dGTP dCTP» „ 
5 dideoxyribonucleoside thymidine triphosphate ,ddTTP,7n' 

to the instructions provided by the In , 3CC ° rdin9 
0 t . Proviaed by the manufacturer resulted in a 3-base 

ens,„„ „ f the 12 . mer prjmef sti|| (o 3 b.e 

The wafer was , hen analyzed by M ALPI-TOF mass specometry 
10 dearly dist^uish the , g . mer (SEQ |D ■ - s Ults 

it? 1 2 " mer ,hus indioa,ins ,hat «— » - e 

EXAMPLE 7 

*» enzyme ^ see F 9 jgure r 9 7 P,8te - we " - choice o, 

(SEQ ,D no.. 8 & , P , ;f SP3Cer -~ a, ,He 3-end 

NUs. a & 1 , ]. These two oligonuclotides were synthesis » - 
25 each was separately immobilized to the surfer,. , 8 Syn,hes,2ed « 

«He SIAB cr 0S s,i„ k er is ^. see FiaT^t ! " ^"^ 
with a i ?m J * Each wafer was incubated 

wth 12-mer o.igonucleotide [SEQ ,D NOs: 12 , 14 and 15] 

complementary to portions of the nuclei . 
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siiicon wafer. The wafers were then analyzed by MALDI-TOF mass 
spectrometry as described above. 

As previously shown in Figure 18, a 3-base specific extension of 
the bound 12-mer oligonucleotide was observed using the oligomer 
5 primer where there is a 9-base spacer between the duplex and the 
surface ISEQ ID NO: 12]. As showh in Figure 19," similar results were 
observed when the DNA spacer lengths between the SIAB moiety and 
the DNA duplex were 0, 3, 6 and 12. The results of MALDI-TOF mass 
spectrometry analysis of the wafers are shown in Figure 20. In addition, 
10 Figure 19 also shows that the extension reaction may be performed using 
a variety of DNA polymerases. Thus, the SIAB linker may be directly 
coupled to the DNA template or may include a linker sequence without 
effecting primer extension of the hybridized DNA. 

EXAMPLE 8 

1 5 Detection of Double-Stranded Nucleic Acid Molecules via Strand 
Displacement and Hybridization to an Immobilized 
Complementary Nucleic Acid 

This example describes immobilization of a 24-mer primer and the 

?p ooifi. hyhridiza tion of one strand of a duplex DNA molecule, thereby 

20 permitting amplification of a selected target molecule in solution phase 
and permitting detection of the double stranded molecule. 

A 24-mer DNA primer CTGATGCGTC GGATCATCTT TTTT 
ISEQ ID NO: 8], containing a 3'-free thiol group was coupled to a 
SIAB-derivatized silicon wafer essentially as outlined in Figure 7 and 
25 described in Examples 1 and 2. 

An 1 8-mer synthetic oligonucleotide 5'- 
CTGATGCGTCGGATCATC-3' ISEQ ID NO: 16] was premixed with a 12- 
mer oligonucleotide 5'-GATGATCCGACG-3' (SEQ ID NO: 121 that has a 
sequence that is complementary to 12 base portion of the 1 8-mer 
30 oligonucleotide. The oligonucleotide mix was heated to 75°C and cooled 
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slowly to room temperature to faciliate the formation of a duplex 



molecule: 



5 '" C J G oI GCGTCGGATCATC - 3 ' fSEQ ID NO- 16] 
3'- GCAGCCTAGTAG-5' (SEQ ID NO: 12]." 

5 The specific hybridization of the 1 2-mer strand of the duplex 

module to the immobiKzed 24-mer primer was carried out by mixing 
VM of the duplex mo.ecule using the hybridization conditions described 
in Example 6. 

The wafers we ,e analyzed by mass spectrometry as described 
above. Specific hybridization was detected in a mass spectrum Che 

l <i-mer wrth a mass-to-charge ratio of 3682.78 Da. 

EXAMPLE 9 

1-(2-Nitro-5.(3-0-4.4-.dirnethoxytritylpropoxyl D henvll 1 o „, 
^anoeAoxW-diisopropylaminophos^oteS™ V " °"'' 2 " 

A. 2 -N«ro-5-(3-hydroxypropoxy)benzaldehyde 
3-Bromo-,-propanol (3.34 g. 24 mrno!) was refiuxed In 80 ml of 
anhydrous acetonitrile with 5-hydroxy-2-ni,robenzaldehyde (3.34 g 20 
mmo„. K ; CO, ,3.5 g,, and Kl „00 m 9) overnight „5 h,. The reason 
mixture was coded to room temperature and ,50 m , of methylene 
chlonde was added. The mixture was filtered and the solid residue was 
washed with methylene chloride. The combined organic soiuflon was 
evaporated to dryness and redissolved in 100 m, methylene chloride 

The ,esu,,ed soKrtio ashed with saturated Nad so^on and dried 

over sod.um sulfate. 4.3, g , 96%) of desired product 
26 removal of the solvent in vacuo. 

R ( = 0.33 (dichloromethane/methanol, 95/5) 

UV (methanol, maximum: 3,3, 240 (shoulder,, 2,5 nm; minimum: 266 

'H NMR (DM SO-d 6) 6 ,0.28 (s, ,H,, 8.17 (d, ,H,. 7.35 ,d ,H, 7 22 <s 
30 1H), 4.22(t, 2HJ, 3.54 (t, 2HJ, 1.90 (m, 2H,. 
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NMR (DMSO-d 6 ) 6 189.9, 153.0, 141.6, 134.3, 127.3, 118.4, 

114.0,66.2,56.9,31.7. 

B. 2-Nitro-5-{3-0-t-butyldimethylsilylpropoxy)benzaldehyde 

2-Nitro-5-(3-hydroxypropoxy)benzaldehyde(1 g, 4.44 mmol) was 
5 dissolved in 50 ml anhydrous acetonitrile. To this solution, it was added 
1 ml of triethylamine, 200 mg of imidazole, and 0,8 g (5.3 mmol) of 
tBDMSCI. The mixture was stirred at room temperature for 4 h. 
Methanol (1 ml) was added to stop the reaction. The solvent was 
removed in vacuo and the solid residue was redissolved in 100 ml 
10 methylene chloride. The. resulted solution was washed with saturated 
sodium bicarbonate solution and then water. The organic phase was 
dried over sodium sulfate and the solvent was removed in vacuo. The 
crude mixture was subjected to a quick silica gel column with methylene 
chloride to yield 1.44 g (96%) of 2-nitro-5-(3-0-t- 
15 butyldimethylsilylpropoxy)benzaldehyde. 
R f = 0.67 (hexane/ethyl acetate, 5/1). 

UV (methanol), maximum: 317, 243, 215 nm; minimum: 235, 267 nm. 
'H NMR (DMSO-d 6 ) 6 10.28 (s, 1H), 8.14 (d, 1H), 7.32 (d, 1H), 7.20 (s, 
TH), 4.20 (t, 2H), 3.75 (t, 2H), 1.90 (m, 2H), 0.85 (s, 9fl)T0Ta2-(sr6H)- 
20 13 C NMR (DMSO-d 6 ) 6 189.6, 162.7, 141.5, 134.0. 127.1, 118.2, 
113.8,65.4,58.5,31.2,25.5,-3.1,-5.7. 

C. i-(2-Nitro-5-(3-0-t-butyldimethylsilylpropoxy)phenyl)ethanol 

High vacuum dried 2-nitro-5-(3-0-t- 
butyldimethylsilylpropoxy)benzaldehyde (1.02 g, 3 mmol) was dissolved 
25 50 ml of anhydrous methylene chloride. 2 M Trimethylaluminium in 
toluene (3 ml) was added dropwise within 1 0 min and keeped the 
reaction mixture at room temperature. It was stirred further for 10 min 
and the mixture was poured into 10 ml ice cooled water. The emulsion 
was separated from water phase and dried over 100 g of sodium sulfate 
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o remove ,he rema,nin g wa!o , The solyem w ^ vacuo 

^e -tore was applied to a silica 3 e, column with gradien , methanoi 
-ethylene chloride. 0.94 8 ,86%) „, desired product was isoiated 
R f - 0.375 (hexane/ethyl acetate, 5/1). 

5 UV (methanol), maximum: 306 2^3 -?dr nm ■ 

,., ' *~ 6 ' 206 nm ; minimum: 255, 220 nm 

"CNMR,DMS0-d 6 ,, ,62.6. ,46.2. ,39.6. ,26.9, ,12.9. ,,2 5 64 8 
10 63.9. 58.7. 31.6. 25.6, 24.9, -3.4, -5.8., ■ 

D. 1 -^-NN'O-B-O-hydroxypropoxylphenyDothanol 
1 -< 2 -^ro-5.,3.0.,. b u,yldimath y ,sily, pr „p oxy)pheny|)ethano , 
9. 2.5 mmol, was dissolved in 30 m, of THF and 0.5 mmo . „, „ Bu4NF 

IB .or 5 h and the solvent was removed in vacuo. The remaining residue 
was app,ed to a silica ge, column with gradien, methanol h methylene 

Ohlor.de. l-^-Nitro-S^-hydroxypropoxylphenyHethanol ,0.6 3 ,99% 
was obtained. a /o; 

R. = 0.17 (dichloromethane/methanol, 95/5). 

20 UV (methanol), maximum: 304 232 2m nm . • • 

i.. ' nm minimum: 255 ?1Q nrn 

. NM. ■ , D MS0-d e , , 8.00 ,d, , H) , ,33 ,, ,00 ,d, ,H, 5 0 ,d 

* ^:r;' 5 r 2 - 8 ' ,46 - 3 ' ,39 - 7 ' 
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E. i.(2-Nitro-5-{3-0-4,4'-dimethoxytritylpropoxy)phenyl)ethanol 
1-(2-Nitro-5-(3-hydroxypropoxy)phenyl)ethanol (0.482 g, 2 mmol) 
was co-evaporated with anhydrous pyridine twice and dissolved in 20 ml 
anhydrous pyridine. The solution was cooled in ice-water bath and 750 

5 mg (2.2 mmol) of DMTCI was added; The reaction mixture was stirred 
at room temperature overnight and 0,5 ml methanol was added to stop 
the reaction. The solvent was removed in vacuo and the residue was co- 
evaporated with toluene twice to remove trace of pyridine. The final 
residue was applied to a silica gel column with gradient methanol in 

10 methylene chloride containing drops of triethylarnine to yield 0.96 g 
(89%) of the desired product V(2-nitro-5-(3-0-4 ( 4'-dimethoxytrityl- 
propoxy)phenyl)ethanol. 
R, = 0.50 (dichloromethane/methanol, 99/1 ) . 

UV (methanol), maximum: 350 (shoulder), 305, 283, 276 (shoulder), 
15 233, 208 nm; minimum: 290, 258, 220 nm. 

'H NMR (DMSO-d 6 ) 8 8.00 (d, 1H), 6.82-7.42 (ArH), 5.52 (d, OH), 5.32 
(m, 1H), 4.23 (t, 2H), 3.71 (s, 6H). 3.17 (t, 2H), 2.00 (m, 2H), 1.37 
(d, 3H). 

~ 13 C NMR (DMOS-d 6 ) 6 1 62T5rr57:9rT57T7rr467lTl-4-479r1-40rh 

20 139.7, 135.7, 129.5, 128.8, 127.6, 127.5, 127.3, 126.9, 126.4, 
113.0, 112.8, 112.6, 85.2, 65.3, 63.9, 59.0, 54.8, 28.9, 24.9. 

F. 1 -{2-Nitro-5-(3-0-4»4'-dimethoxytritylpropoxy)phenyl)-1 -O- 
((2-cyanoethoxy)-diisopropylaminophosphino)ethane 

1-(2-Nitro-5-(3-0-4,4'-dimethoxytritylpropoxy)phenyl)ethanol (400 
25 mg, 0.74 mmol) was dried under high vacuum and was dissolved in 20 
ml of anhydrous methylene chloride. To this solution, it was added 0.5 
ml N,N-diisopropylethylamine and 0.3 ml (1.34 mmol) of 2-cyanoethyl- 
N,N-diisopropylchlorophosphoramidite. The reaction mixture was stirred 
at room temperature for 30 min and 0.5 ml of methanol was added to 
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stop the reaction. The mixture was washed with saturated sodium 
b.carbonate so.ution and was dried over sodium sulfate. The solvent 
was r emoved in vacuo and a qu ic k silica ge, column with , % methanol in 
methylene ch oride containin, drops of triethv.amine yie.d 510 m g {93 o /o) 
5 the des.red phosphoramidite. a<a/o, 

Rf = 0.87 (dichloromethane/methanol, 99/1). 

EXAMPLE 10 

10 A. 4-l3-Hydroxypropoxy)-3-methoxyacetophenone 

3-Bromo-1-propano, ,53 ml. 33 mmol) was refluxed in 10 0 ml of 

mmol), K ; C0 3 (5 g), and Kl (300 mg) overnight (15 h) 
Me,hy l enech,oride ,150 ml, was added ,o ,he reaction mixture after 
coohng to room temperature. The mixture was filtered and the soiid 

res,due was washed with methylene chloride. The combined organic 
so u, evaporaled „ dfyness ^ redjssoived h 

„ d d reSU ' ,ed S0 ' U,i0n W " WMh6d ^ ~« ™ -Li 
20 ob, a ,ned after removal of the solvent in vacuo. 
R,-0.41 (dichloromethane/methanol, 95/5). 
UV (methanol), maximum; 304 273 m ,, B 

, JW ' " 3 - 227 ' 210 nm: mmimum: 291, 244, 



'H NMR (DMSO-d,, , 7.64 ,d, 1H), 7.46 ,s, ,H), 7.04 ,d ,H) 4 58 (b 
« OH). 4.12 „, 2H), 3.80 ,s, 3H), 3.56 ,,, 2H, 2 54 ,s 3H 7» , , 
NMR ,0MS0-d 6 ) , ,35.3, ,5,5, ,46. 6 12 7 ,' 23 ' 
110.3,65.4.57.2,55.5,31.9,26.3. 
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B. 4-(3-Acetoxypropoxy)-3-methbxyacetophenone 

4-(3-Hydroxypropoxy)-3-methoxyacetophenone (3.5 g, 15.6 mmol) 
was dried and dissolved in 80 ml anhydrous acetonitrile. This mixture, 6 
ml of triethylamine and 6 ml of acetic anhydride were added. After 4 h, 6 

5 ml methanol was added and the solvent was removed in vacuo. The 
residue was dissolved in 100 ml dichloromethane and the solution was 
washed with dilute sodium bicarbonate solution, then water. The 
organic phase was dried over sodium sulfate and the solvent was 
removed. The solid residue was applied to a silica gel column with 

10 methylene chloride to yield 4.1 g of 4-(3-acetoxypropoxy)-3- 
methoxyacetophenone (98.6%). 
R f = 0.22 (dichloromethane/methanol, 99/1). 

UV (methanol), maximum: 303, 273, 227, 210 nm; minimum: 290, 243, 
214 nm. 

15 'H NMR (DMS0-d 6 ) 6 7.62 (d, 1H), 7.45 (s, 1H), 7.08 (d, 1H), 4.12 (m, 
4H, 3.82 (s, 3H), 2.54 (s, 3H), 2.04 (m, 2H), 2.00 (s, 3H). 
" C NMR (DMSO-d 6 ) 6 196.3, 170.4, 152.2, 148.6, 130.0, 123.0, 
111.8,110.4,65.2,60.8,55.5,27.9,26.3,20.7. 

c 7 4-(3-Acetoxypropoxy)-3-methoxy-6-nitroacetophenone 

20 4-(3-Acetoxypropoxy)-3-methoxyacetophenone (3.99 g, 1 5 mmol) 

was added portionwise to 1 5 ml of 70% HN0 3 in water bath and keep 
the reaction temperature at the room temperature. The reaction mixture 
was stirred at room temperature for 30 min and 30 g of crushed ice was 
added. This mixture was extracted with 100 ml of dichloromethane and 

25 the organic phase was washed with saturated sodium bicarbonate 
solution. The solution was dried over sodium sulfate and the solvent 
was removed in vacuo. The crude mixture was applied to a silica gel 
column with gradient methanol in methylene chloride to yield 3.8 g 
(81.5%) of desired product 4-(3-acetoxypropoxy)-3-methoxy-6- 
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nitroacetophenone and 0.38 g (8%) of ipso-substituted product 5-(3 
acetoxypropoxy)-4-m e thoxy-1,2-dinitroben2ene. 

Side ipso-substituted product 5-(3-acetoxypropoxy,-4-methoxy-1 2- 
dinitrobenzene: 

S R,=0.47 (dichloromethane/methanol, 99/1). 

UV (methanol), maximum: 334, 330, 2~>0 240 ?1? nm - ■ 

282. 263, 223 nm. ' ""»■ 3 ' 0 ' 

•H NMR ,CDCI 3 . 6 7.36 ,s, ,H). 7.34 (s, 1H,. 4.28 ft. 2H, 4 18 ft 2H1 
4-02 ,.. 3H), 2.20 (m, 2H), 2.08 (s, 3H) ' ' H »' 4 ' 1 8 «• »). 

10 "C NMR .cocft , ,70.9, 152.2, 16,,. „ 7 . 6 . „, 2 , „_ ^ 
66.7,60.6,56.9,28.2,20.9. 

R D -?2?r h r 3 ' ace, °^ 

n,-u.29 (dichloromethane/methanol, 99/1) 

15 2 U 7 V o! m 227 a r' ma,<imUm: 344 ' 300 ' 246 ' 2 ' 3 mWmum = 32 °' 
•H NMR ,CDCy 6 7.62 ,s, 1 H), 6.74 ( s, ,H). 4.28 ft. 2H, 4 20 ft 2H. 
3-96 ... 3H), 2.48 3H), 2.20 ,m. 2H,. 2.08 ,s. 3H, 

C NMR ,CDCU 6 200.0, ,71.0, ,54.3, ,48.8, ,38.3, ,33.0 , 08 8 
108.0, 66.1, 60.8, 56.6, 30.4, 28.2, 20.9 

20 

D. '• ,4 - ,3H " dro, 'VP'0P<.xv).3. m e*0,y.6.n itt „p h e„ yl , e « han0l 

mm „ ACetOXVPrOPOXV '- 3 - me,hox V-6-ntooace« 0 phenone ,3.73 g 12 
mmol) was added 1 50 ml ethanol and 6.5 g of K CO T„„ m . 
QtirroH ^ y N 2^u 3 . The mixture was 

st, d at room temperature for 4h and ^ 5% methaTO| 

d,ch,oromethane indicated the completion o, the reaction. To this same 
2B reac,,o n mixture, it was added 3.5 9 „, NaBH 4 and the mixture Is 

«n- « room temperature for 2h. Acetone „o ml, was added to react 

.He rama,„,„ g NaBH 4 . The solvent was removed in vacuo and ,h 
es due was U p,, k en i n , 0 50 g o, silica gel. The silica ge, mixture was 
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chloride to yield 3.1 5 g (97%) of desired product 1-(4-(3- 
hydroxypropoxy)-3-methoxy-6-nitrophenyl)ethanol. 
Intermediate product 4-(3-hydroxypropoxy)-3-methoxy-6- 
nitroacetophenone after deprotection: 
5 R f = 0.60 (dichloromethane/methanol, 95/5). ~ 

Final product 1 -(4-(3-hydroxypropoxy)-3-methoxy-6-nitrophenyl)ethanol: 
R, = 0.50 (dichloromethane/methanol, 95/5). 

UV (methanol), maximum: 344, 300, 243, 219 nm: minimum: 317, 
264, 233 nm. 

10 'H NMR (DMS0-d 6 ) 6 7.54 (s, 1H), 7.36 (s, 1H), 5.47 (d, OH), 5.27 (m, 
1H), 4.55 (t, OH), 4.05 (t, 2H), 3.90 (s, 3H), 3.55 (q, 2H), 1.88 (m, 2H), 
1.37 (d, 3H). 

13 C NMR (DMSO-d 6 ) 6 153.4, 146.4, 138.8, 137.9, 109.0, 108.1, 68.5, 

65.9, 57.2, 56.0, 31.9, 29.6. 
15 e. i-(4-{3-0-4,4'-Dimethoxytritylpropoxy)-3-methoxy-6- 

nitrophenyUethanol 
1 -(4-(3-Hydroxypropoxy)-3-methoxy-6-nitrophenyl)ethanol (0.325 

g, 1.2 mmol) was co-evaporated with anhydrous pyridine twice and 

dissolved4n-1-5-ml-anhydro^ — 

20 water bath and 450 mg (1 .33 mmol) of DMTCI was added. The reaction 
mixture was stirred at room temperature overnight and 0.5 ml methanol 
was added to stop the reaction. The solvent was removed in vacuo and 
the residue was co-evaporated with toluene twice to remove trace of 
pyridine. The final residue was applied to a silica gel column with 

25 gradient methanol in methylene chloride containing drops of triethylamine 
to yield 605 mg (88%) of desired product 1-(4-(3-0-4,4'- 
dimethoxytritylpropoxy)-3-methoxy-6-nitrophenyl)ethanol. 
R, = 0.50 (dichloromethane/methanol, 95/5). 
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UV (methanol), maximum: 354, 302, 282 274 23*5 9hq „™ 

' ^us nm; minimum - 

322, 292, 263, 222 nm. 

'H NMR (DMS0-d 6 ) 6 7.54 (s, 1H), 6.8-7.4 (ArH), 5.48 (d, OH) 5 27 ( m 
1H), 4.16 (t, 2H), 3.85 (s, 3H>, 3.72 (s, 6H), 3.15 (t, 2H>, 1.98 (t 2H) ' 
5 1.37 (d,3H). 

,3 C NMR <DMSO-d 6 ) 6 IS^S, 153.3, 146.1. 144.9, 138.7, 137 8 
135.7, 129.4. 128.7, 127.5, 127.4, 126.3, 112.9, 112.6, 108.9 ' 
108.2, 85.1, 65.7, 63.7, 59.2, 55.8, 54.8, 29.0, 25.0. 

10 F ' l; ,4 " ( ?" 0 ^'- Dlmethox y trit y , P'opoxy).3-methoxy.6- 

,u n, fophenyl)-1-0-({2-cyanoethoxy)- 

diisopropylaminpphosphinojethane 

1-(4-(3-0-4,4'-Dimethoxytritylpropoxy)-3-.methoxy-6- 
nitrophenyOethano, (200 mg, 3.5 mmol) was dried under high vacuum 
and was dissolved in 15 ml of anhydrous methylene chloride. To this 
15 solution, it was added 0.5 ml N,N-diiso P ropylethylamine and 0.2 ml (0 89 
mmol) of 2-cv6„oethyl-N,N-dii8opropylchlorophosphoramidite The 
reaction mixture was stirred at room temperature for 30 min and 0 5 ml 
of methanol was added to stop the reaction. The mixture was washed 
w,th saturated sodium bicarbonate solution and was dried over sodium 
20 SU .fate. The solvent was removed in vacuo and a quick silica ge, co.umn 
wth 1 % methanol in methylene chloride containing drops of 
thethylamine yield 247 mg (91.3%) the desired phosphoramidite 1-,4-(3- 

0-4,4'-d.methoxytritylpropoxy)-3-methoxy-6-nitrophenyl)-1-0-((2- 
cyanoethoxy)-diisopropylaminophosphino)ethane. 
25 R f = 0.87 (dichloromethane/methanol, 99/1). 



8«COCI0:<WO. 0620020*2 I > 



WO 98/20020 



PCT/US97/20195 



-103- 
EXAMPLE 1 1 

Oligonucleotide synthesis 

The oligonucleotide conjugates containing photocleavable linker 
were prepared by solid phase nucleic acid synthesis (see: Sinha et aL 
5 Tetrahedron Lett. 1983, 24, 5843-5846; Sinha et aL Nucleic Acids Res. 
1984, 12, 4539-4557; Beaucage et aL Tetrahedron ' 1993. 49, 6123- 
6194; and Matteucci fit aL J. Am. Chem. Soc. 1981, 103, 3185-3191) 
under standard conditions. In addition a longer coupling time period was 
employed for the incorporation of photocleavable unit and the 5' terminal 

10 amino group. The coupling efficiency was detected by measuring the 
absorbance of released DMT cation and the results indicated a 
comparable coupling efficiency of phcsphoramidite 1-{2-nitro-5-(3-0-4,4'- 
dimethoxytritylpropoxy)pheny!)-1-0-((2-cyanoethoxy)- 
diisopropylaminophosphino)ethane or 1-(4-(3-0-4;4'- 

1 5 dimethoxytritylpropoxy)-3-methoxy-6-nitrophenyl)-1 -0-((2-cyanoethoxy>- 
diisopropylaminophosphino)ethane with those of common nucleoside 
phosphoramodites. Deprotection of the base protection and release of 
the conjugates from the solid support was carried out with concentrated 
ammonium at 55~°C overnight? DeprotectiorTorthe ir^e - pToremiorrof^ 

20 other conjugates was done by fast deprotection with AMA reagents. 
Purification of the MMT-on conjugates was done by HPLC (trityl-on) 
using 0.1 M triethylammonium acetate, pH 7.0 and a gradient of 
acetonitrile (5% to 25% in 20 minutes). The collected MMT or DMT 
protected conjugate was reduced in volume, detritylated with 80% 

25 aqueous acetic acid (40 min, 0 °C), desalted, stored at -20°C. 
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EXAMPLE 12 

Photolysis study 

In a typical case, 2 nmol of oligonucleotide conjugate containing 
Photocleavable linker in 200 //I distilled water was irradiated with a long 
5 wavelength UV lamp (Blak Ray XX-1 5 UV lamp, Ultraviolet products, San 
Gabriel, CA) at a distance of 10 cm (emission peak 365 nm, lamp 
intensity = 1.1 mWW at a distance of 31 cm). The resulting mixture 
was analyzed by HPLC (trityl-off) using 0.1 M triethylammonium acetate, 
pH 7.0 and a gradient of acetonitrile. Analysis showed that the 
10 conjugate was cleaved from the linder within minutes upon UV 
irradiation. 
Equivalents 

Those skilled in the art will recognize, or be able to ascertain using 
no more than routine experimentation, numerous equivalents to the 
15 specific procedures described herein. Such equivalents are considered to 
be within the scope of this invention and are covered by the following 

claims. 



<NSOOC1D:<WO 0S20020A2 I > 



WO 98/20020 



PCT/US97/20195 



-105- 



SEQUENCE LISTING 

(1) GENERAL INFORMATION 

(i) APPLICANT : 

(A) NAME: SEQUENOM, INC . 

(B) STREET: 11555 Sorrento Valley Road 

(C) CITY: San Diego 

(D) STATE: California 

(E) COUNTRY: USA 

(F) POSTAL CODE (ZIP) : 92121 

(i) INVENTOR /APPLI CANT : 

(A) NAME: Maryanne J. O'Donnell . 

(B) STREET: 3855 Nobel Drive 

(C) CITY: San Diego 

(D) STATE : California 

(D) COUNTRY : USA 

(E) POSTAL CODE (ZIP) : 92122 

{ i) INVENTOR /APPLI CANT : 

(A) NAME: Charles R. Cantor 

(B) STREET: 11 Bay State Road 

(C) CITY: Boston 

(D) STATE: Massachusetts 

(D) COUNTRY: USA 

(E) POSTAL CODE (ZIP) :. 02215 

(i) INVENTOR/APPLICANT: 

(A) NAME: Daniel P. Little 

(B) STREET: 393 Glendale Lake Rd. 

(C) CITY: Patton 

(D) STATE : Pennsylvania 

(D) COUNTRY: USA 

(E) POSTAL CODE (ZIP) : 18668 

(i) INVENTOR/APPLICANT: 
— _ — (A-)— NAME-: Hubert— Koster 

(B) STREET: 8636 Via Mallorca Drive 

(C) CITY: La Jolla 

(D) STATE: California 

(D) COUNTRY: USA 

(E) POSTAL CODE (ZIP) : 92037 



(ii) TITLE OF INVENTION: METHODS OF HIGH DENSITY 
IMMOBILIZATION OF NUCLEIC ACIDS AND SYSTEMS AND METHODS FOR 
PREPARING AND ANALYZING LOW VOLUME ANALYTE ARRAY ELEMENTS 

(iii) NUMBER OF SEQUENCES: 15 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Brown, Martin, Haller & McClain 

(B) STREET: 1660 Union Street 

(C) CITY: San Diego 

(D) STATE: CA 

(E) COUNTRY: USA 

(F) ZIP : 92101-2926 

(v) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: Diskette 
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(B) COMPUTER: IBM Compatible 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: None 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: Attorney Docket No. 7352-2001PC 

(B) FILING DATE: 06-NOV-1997 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: Attorney Docket No. 7352-2001B 

(B) FILING DATE: 08-OCT-1997 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/746,055 

(B) FILING DATE: 11/06/96 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/786,988 

(B) FILING DATE: 01/23/97 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/787 , 639 

(B) FILING DATE: 01/23/97 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME ; Seidman, Stephanie L 

(B) REGISTRATION NUMBER: 33,779 

(C) REFERENCE/DOCKET NUMBER: 7352-2001PC 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 619-238-0999 

(B) TELEFAX: 619-238-0062 

(C) TELEX: 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 
<iv) ANT I SENSE : NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE : 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
GAATTCGAGC TCGGTACCCG G 21 
(2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 
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(ii) MOLECULE TYPE : cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANT I SENSE : NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID.NO:,2: 
CCGGGTACCG AGCTCGAATT C 21 
( 2 ) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CCTCTTGGGA ACTGTGTAGT ATT 23 
(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 112 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: cDNA 

(xaTi") HYPOTHETICAL-: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
AGGCTGTCTC TCTCCCTCTC TCATACACAC ACACACACAC ACACACACAC ACACACACAC 

ACACACACAC TCACACTCAC CCACANNNAA ATACTACACA GTTCCCAAGA GG 
112 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 9 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : unknown 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 
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(vi) ORIGINAL SOURCE : 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 
TAATACGACT CACTATAGGG CGAAGGCTGT CTCTCTCCCT CTCTCATAC 49 
(2) INFORMATION FOR SEQ ID NO: 6: 

(1) SEQUENCE CHARACTERISTICS* 
A LENGTH: 135 base pairs' 

B) TYPE: nucleic acid 

C) STRANDEDNESS : single 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE- cDNA 

(iii) HYPOTHETICAL- NO 
(XV) ANTISENSE: NO 

(v) FRAGMENT TYPE * 
(Vi) ORIGINAL SOURCE: 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NQ-6- 
JAATACGACT »», CCA^T crCT^CCCT CTCTCATACA aaaaa 

MracAMcA c ™ ra — — 

ACAGTTCCCA AGAGG «*""At.TAC 
135 

(2) INFORMATION FOR SEQ ID NO: 7 : 

(i) SEQUENCE CHARACTERISTICS • 
A) LENGTH: 12 base pairs 

B TYPE : nucleic acid 
C STRANDEDNESS: single 
(D) TOPOLOGY : unknown 

(ii) MOLECULE TYPE: cDNA 
Uii) HYPOTHETICAL: NO 
(lv) ANTISENSE: NO 

(v) FRAGMENT TYPE- 

(vi) ORIGINAL SOURCE: 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
AATACTACAC AG 

(2) INFORMATION FOR SEQ ID NO : 8 : 

(i) SEQUENCE CHARACTERISTICS - 
A LENGTH: 24 base pairs 
8 TYPE : nucleic ac fd 
C STRANDEDNESS: unknown 
(D) TOPOLOGY: unknowT 

(if) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
(IV) ANTISENSE: NO 

(v) FRAGMENT TYPE • 

(vi) ORIGINAL SOURCE: 



12 
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(xi) SEQUENCE DESCRIPTION: SEQ ID HO:8: 
CTGATGCGTC GGATCATCTT TTTT 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: . : " 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid , 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : unknown 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 9: 
GATGATCCGA CGCATCAGAA TGT 

(2) INFORMATION FOR SEQ ID NO; 10: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 2 9 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: unknown 

( D ) TOPOLOGY : unknown 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 10: 



GATCTAGCTG GGCCGAGCTA GGCCGTTGA 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE : cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
CTGATGCGTC GGATCATCTT TTTTTTT 

(2) INFORMATION FOR SEQ ID NO: 12: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 12 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI SENSE : NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE : 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12 : 
GATGATCCGA CG 12 
(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 13 : 
GATGATCCGA CGCAT 15 
(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 base pairs 

(B) TYPE: nucleic acid 

( C) STRANDEDNESS : single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
AAAAAAGATG AT 12 
(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 
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(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 




(xi) SEQUENCE DESCRIPTION: SEQ ID 



12 



GATCCGACGC AT 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE : 

(xi) SEQUENCE DESCRIPTION: SEQ ID N( 
CTGATGCGTC GGATCATC 



(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

~(v) — FRAGMENT— TYPE-: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 



CTGCCAGGCG CTTCTGCAGG TCATCGGCAT CGCGGAGGAG 50 



(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 



CTGCCAGGCA CTTCTGCAGG TCATCGGCAT CGCGGAGGAG 50 
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(2) INFORMATION FOR SEQ ID NO: 19 : 

( i ) SEQUENCE CHARACTERISTICS • 

A) LENGTH: 21 base pairs ' 

B) type: nucleic acid 

C) STRANDEDNESS : single 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: cDNA 
111) HYPOTHETICAL: NO 

(IV) ANTISENSE: NO 

(v) FRAGMENT TYPE- 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l 9: 
GATGCCGATG ACCTGCAGAAG 



21 
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WE CLAIM: 

1 . A method, comprising: 

reacting a thiol-containing nucleic acid with an insoluble support 
comprising a thiol-reactive group under conditions such that a covalent 

5 bond is formed; and 

thereby immobilizing the nucleic acid on the insoluble support. 

2. The method of claim 1 , wherein the reaction is performed at 
a temperature of between about 25°C and about 100°C. 

3. The method of claim 1 , further including the step of reacting 
10 an insoluble support with the thiol-reactive cross-linking reagent to form 

a thiol-reactive solid support. 

4. The method of claim 3, wherein the thiol-reactive cross- 
linking reagent is N-succinimidyl (4-iodoacetyl) aminobenzoate (SIAB). 

5. A method for immobilizing a nucleic acid on an insoluble 
15 support, the method comprising: 

reacting a thiol-containing insoluble support with a nucleic acid 
comprising a thiol-reactive group under conditions such that a covalent 
bond is formed; 

— thereby immobilizingthe nucleic^id-oTrth-e-insoluble-support: 

20 6. The method of claim 5, further including the step of 

modifying the insoluble support with a thiol-containing reagent, to form a 
thiol-containing insoluble support. 

7. An insoluble support comprising nucleic acids, said nucleic 
acids being covalently bound to a surface of the insoluble support 

25 through at least one sulfur atom. 

8. An insoluble support comprising nucleic acids, said nucleic 
acids being covalently bound to a surface of the insoluble support at a 
density of at least 20 fmol/mm 2 . 
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A k,t comprising i, a thiol-reactive cross-linking reagent; and 
-) a surface- modifying reagent for modifying surface with a functionary 
wh,ch can react with the thiol-reactive cross-linking reagent. 
. 10. The kit of claim 9, wherein the surface-modifying reagent 

t> does not comprise a thiol, moiety. 

1 1 • The kit of claim 9, further comprising an insoluble support 
havmg a surface reactive with the surface-modifying reagent. 

1 2. A kit comprising a reagent for modifying the surface of a 
support with a thio. moiety, and a thio.-reactive cross-Unking reagent 
10 wh.ch can react with a thiol moiety of a support. 

1 13. A method for forming an array of nucleic acids, on a surface 
of a substrate, comprising: 

contacting thiol-containing. nucleic acids with the surface of 
an .soluble support containing thio.-reactive groups located at positions 
■n an ordered arrangement on the surface of the support, whereby a 
nuc.e.c acid array is formed on the surface of the substrate 

14. The method of claim 13 wherein the thio.-reactive groups on 
the surface of the support are produced by a process, comprising- 

20 fluids, Pr0Vidin9 3 V6SiC,e " " ° f V6SiC,eS f ° r transf *™ g 

disposing the vesicle or an array of vesicles adjacent to a 
first locat.on or locations on the surface of the substrate, 

controlling the vesicle or an array of vesicles to deliver a 

2s ^™*^^-^"^«» 

moving the vesicle to a set of positions on the substrate and 

delivering fluid at each location of the set, wherein 

the fluid contains solutions used in qeneratinn thi«. 
groups generating thiol-reactive 
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15. The method of claim 14 wherein 

the solutions comprise a first solution containing 3- 
aminopropyltriethoxysilane to produce primary amines at set positions on 
the surface of the substrate, and a second solution containing N- 
5 succinimidyl (4-iodoacetyl) aminobenzoate (SIAB) to derivative the 
surface of the substrate with iodoacetamindo functionalities at the set 

positions, and 

the process is repeated so that the first solution is 
separately delivered first to each location of the set of positions and the 
10 second solution is separately subsequently delivered to each location of 

the set positions. 

1 6. The method of claim 1 3, wherein the thiol-containing nucleic 
acids are contacted with the surface of the insoluble support at the set 
positions according to a process comprising: 
15 providing a vesicle suitable for transferring fluids, 

disposing the vesicle adjacent to a first location on the 

surface of the substrate, 

controlling the vesicle to deliver a volume of the fluid to the 



first location of the surface of the substrate, 
20 moving the vesicle to the set of positions on the substrate 

and 

delivering fluid at each location of the set, wherein 
the fluid contains the thiol-containing nucleic acids. 
17. A method of producing an array of nucleic acids on the 
25 surface of a substrate, comprising: 

reacting the surface of the substrate with a solution of 3- 
aminopropyltriethoxysilane to produce a uniform layer of primary amines 
on the surface of the substrate, 
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Privatizing the surface of the substrate with iodoacetemido 
unct.ona ties by reacting the uniform , ay er o, primary amines with a 
solutron of N-succinimidyl ,4-iodoace,yl) aminobenzoate (SIAB, and 
contacting a se, of positions on the substrate with thioi- 
coning nucleic acid, whereby the thiol-containing nucleic acid is 
~ed on the surface o, the substrate a, each iocation o, , he se, 
18. The method of claim ,7. wherein the thiol-containing nucleic 

o ;:r macted wi,h ,he set * » - — «i*r 

a Process comprising: 
^ providing a vesicle or an array c, vesicles for transferring 

disposing the vesicle or ,he array 0 , vesicles adjacent a firs, 
location or locations on *. surface of the substrate. 

controlling th e vesicle or the array of vesicles ,o deliver a 

delivering fluid at each location of the set 
wherein the fluid contains a thiol-containing nucleic acid 
An array of nucleic acids produced by ,he method of claim 

20. The method of Calm , , wherein prior to immobilization the 
process comprises: 

amplifying the nucleic acid in a reaction in which an 
oligonucleotide primer contains a 3'- or S'-disuffide linkage- 

reducing the 3'- or disulfide bond of one strand of the amplified 
nuc,e,c acid to generate a thiol-containing nucleic acid. 



19. 

13. 
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21 . The method of claim 20, wherein immobilization is effected 
by: reacting the surface of the insoluble support with a solution 

of 3-aminopropyltriethoxysilane to produce a uniform layer of primary 
amines on the surface of the insoluble support, 
5 derivatizing the surface of the insoluble support with 

iodoacetamido functionalities by reacting the uniform layer of primary 
amines with a solution of N-succinimidyr (4-iodbacetyl) aminobenzoate 
(SIAB), and 

contacting the surface of the support with the thiol- 
10 containing strand of nucleic acid, whereby the thiol-containing nucleic 
acid is immobilized on the surface of the substrate by a covalent bond 
between the thiol group of the thiol-containing nucleic acid and the 
iodoacetamido functionality on the surface of the support. 
22. The method of claim 20, further comprising: 
15 hybridizing a single-stranded nucleic acid that is 

complementary to a portion of the immobilized thiol-containing nucleic 
acid, 

adding a matrix material to the surface of the substrate, 



whereby the immobilized hybrids crystallize; and 
20 determining the molecular weight of the hybridized single- 

stranded nucleic acid using mass spectrometry analysis, whereby 
amplified nucleic acid targets are detected. 

23. A method for detecting nucleic acid targets, comprising: 
reacting the surface of the substrate with a solution of 3- 
25 aminopropyltriethoxysilane to produce a uniform layer of primary amines 
on the surface of the substrate, 

derivatizing the surface of a substrate with iodoacetamindo 
functionalities by reacting the uniform layer of primary amines with a 
solution of N-succinimidyl (4-iodoacetyl) aminobenzoate (SIAB), 
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amplifying one or more nucleic acid target molecules using 
ol.gonuc.eotide primers, wherein one oligopeptide primer reaction 
contains a 3'- or 5'-disulfide linkage, 

reducing the 3'- or 5'-disu,fide bond of one strand of the 
amplified nuc.eic acid sequence to generate a free thiol group therefrom 
denaturing the amplified nucleic acid target sequence 
contacting the surface of the substrate with the thiol- 
containing strand of nucleic acid, whereby the thio.-containing nucleic 
acd ,s immobilized to the surface of the substrate by a covalent bond 
10 between the thiol group of the thio.-containing nucleic acid and the 
•odoacetamido functionary derivatized to the surf ace. of the substrate, 

hybr.diz.ng a single-stranded nucleic acid that is 
complementary to a portion of the immobilized thio.-containing nuc.eic 

3CIQ, 

15 adding = matrix material ,o the surface of the substrate, and 

determining the molecular weight cf the hybridized single- 
stranded nucleic acid using mass spectrometry analysis 

20 anah, ^ "'^ " **" ^ "»» spectrometry 

analysis ,s selected from the group consisting of Matrix Assisted laslr 

Desorbfon/lonization. Time-of-F,i g h, {MALDI-TOF) analysis. Eleconspray 

'° n Cyclo,ron R«cnance (ICR) and Fourier transform 

25. The method of claim 22. wherein the thiol-containing nucleic 
^ ac,s are immobilized on the surface of the substrate in the form of In 

26. The method of claim 1 , further comprising: 
hybridizing a single-stranded nucleic acid that is 

complementary to a portion o, the immobilized thiol-containing nucleic 
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adding at least one nucleotide to the 3'-end of the 
hybridized single-stranded nucleic acid by nucleic acid synthesis, 
whereby nucleic acids are synthesized on the surface. 

27. A method for synthesizing nucleic acids on the surface of a 

5 support, comprising: 

reacting the surface of the support with a solution of 3- 
aminopropyltriethoxysilane to produce a uniform layer of primary amines 
on the surface of the substrate, 

derivatizing the surface of the support with iodoacetamido 
10 functionalities by reacting the uniform layer of primary amines with a 
solution of N-succihimidyl (4-iodoacetyl) aminobenzoate (SIAB), 

contacting the surface of the support with a thiol-containing 
strand of nucleic acid/whereby the thiol-containing nucleic acid is 
immobilized on the surface of the support by a covalent bond between 
15 the thiol group of the thiol-containing nucleic acid and the iodoacetamido 
functionality on the surface, 

hybridizing a single-stranded nucleic acid that is 
complementary to a portion of the immobilized thiol-containing nucleic 
acid, and 

20 adding at least one nucleotide to the 3'-end of the 

hybridized single-stranded nucleic acid by nucleic acid synthesis, 
whereby nucleic acids are synthesized on the surface. 

28. The method of claim 27, wherein the immobilized nucleic 
acid is positioned on the support in the form of an array. 
25 29. The method of claim 27, further comprising: adding one or 

more dideoxynucleoside triphosphate during nucleic acid synthesis. 
30. The method of claim 27, further comprising: 

determining the molecular weight of the synthesized single- 
stranded nucleic acid using mass spectrometry. 
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31 . The method of claim 30, wherein the mass spectrometry 

analysis is selected from the group consisting of Matrix Assisted Laser 

Desorbtion/lonization, Time-of-Flight (MALDI-TOF) analysis, Electronspray 

(ES), Ion Cyclotron Resonance (ICR) and Fourier transform. 

5 32. The method of claim 1, further comprising: 

hybridizing a single-stranded nucleic acid that is 

complementary to a portion of the immobilized thiol-containing nucleic 
acid, 

adding at least one deoxynucleotide or dideoxynucleotide to 
10 the 3'-end of the hybridized single-stranded nucleic acid by enzymatic 
nucleic acid synthesis; 

adding a matrix material to the surface of the support, 
whereby the immobilized hybrids crystallize; and 

determining the molecular weight of the hybridized single- 
stranded nucleic acid using mass spectrometry analysis, whereby the 
sequence of nucleic acid on the surface of a support is determined. 

33. A method for sequencing a nucleic acid on the surface of a 
support, comprising: 

reacting the surface of the support with a solution of 3- 
aminopropyltriethoxysilane to produce a uniform layer of primary amines 
on the surface of the support, 

derivatizing the surface of a support with iodoacetamido 
functionalities by reacting the uniform layer of primary amines with a 
solution of N-succinimidyl (4-iodoacetyl) aminobenzoate (SIAB), 

contacting the surface of the support with a thiol-containing 
strand of nucleic acid, whereby the thiol-containing nucleic acid is 
immobilized on the surface of the support by a covalent bond between 
the thiol group of the thiol-containing nucleic acid and the iodoacetamido 
functionality derivatized on the surface of the support, 



15 
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hybridizing a single-stranded nucleic acid that is 
complementary to a portion of the immobilized thiol-containing nucleic 
acid, 

carrying out nucleic acid synthesis in the presence of one or 
5 more dideoxynucleotides, wherein at least o r ne deoxynucleotide or 
dideoxynucleotide is added to the 3 ; -end of the hybridized single- 
stranded nucleic acid by enzymatic nucleic acid synthesis; 

adding a matrix material to the surface of the support, and 
determining the molecufar weight of the hybridized single- 
10 stranded nucleic acid using mass spectrometry analysis. 

34. The method of claim 32, wherein the mass spectrometry 
analysis is selected from the group consisting of Matrix Assisted Laser 
Desorbtion/lonization, Time-of-Flight (MALDI-TOF) analysis, Electronspray 
(ES), Ion Cyclotron Resonance (ICR) and Fourier transform. 
15 35. The method of claim 32, wherein the immobilized nucleic 

acid is positioned on the support in the form of an array. 

36. A substrate, comprising an array of immobilized nucleic 
acids, produced by a process, comprising: 

; reacting the surface ortfie^l^tTRFMt 

20 aminopropyltriethoxysilane to produce a uniform layer of primary amines 
on the surface of the substrate, 

derivatizing the surface of the substrate with iodoacetamido 
functionalities by reacting the uniform layer of primary amines with a 
solution of N-succinimidyl (4-iodoacetyl) aminobenzoate (SIAB), and 
25 contacting the substrate with thiol-containing nucleic acid, 

whereby the thiol-containing nucleic acid is immobilized to the surface of 
the substrate in a predermined set of locations on the surface by a 
covalent bond between the thiol group of the thiol-containing nucleic acid 
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to the iodoacetamido functionality derivatized to the surface of the 
substrate. 

37. The insoluble support of claim 7, wherein the nucleic acids 
are positioned on the support in the form of an array. 
5 38. The insoluble support of claim 8, wherein the nucleic acids 

are positioned on the support in the form of an array. 

39. An array of nucleic acids produced by the method of 
claim 17. 

40. The method of claim 1 , wherein the support is silicon. 

10 41 . A dispensing apparatus for dispensing nanovolumes of fluid 

■n chemical or biological procedures onto the surface of a substrate, 
comprising: 

a housing having a plurality of sides and a bottom portion having 
formed therein a plurality of apertures, said sides and bottom portion of 
15 said housing defining an interior volume, 

one or more fluid transmitting vesicles, mounted within said 
apertures, having a nanovolume sized fluid holding chamber for holding 
nanovolumes of fluid, said fluid holding chamber being disposed in fluid 
communication with said interior volume of said housing, and 

dispensing means in communication with said interior volume of 
said housing for selectively dispensing nanovolumes of fluid from said 
nanovolume sized fluid transmitting vesicles when the fluid is loaded with 
sa,d flu.d holding chambers of said vesicles, whereby said dispensing 
means dispenses nanovolumes of the fluid onto the surface of the 
25 substrate when the apparatus is disposed over and in registration with 
the substrate. 

42. The apparatus of claim 41 , wherein each said fluid 
transmitting vesicle has an open proximal end and a distal tip portion that 
extends beyond said housing bottom portion wh n mounted within said 



20 
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apertures, said open proximal end disposing said fluid holding chamber in 
fluid communication with said interior volume when mounted with the 
apertures. 

43. The apparatus of claim 41 , wherein said plurality of fluid 

5 transmitting vesicles are removably and replaceably mounted within said 

apertures of said housing. 

44. The apparatus of claim 41, wherein said plurality of fluid 
transmitting vesicles include a glue seal for fixedly mounting said vesicles 

within said housing. 
10 45- The apparatus of claim 41, wherein said fluid holding 

chamber includes a narrow bore dimensionally adapted for being filled 
with the fluid through capillary action. 

46. The apparatus of claim 41 , wherein each said fluid holding 
chamber of said plurality of fluid transmitting vesicles are sized to fill 

15 substantially completely with the fluid through capillary action. 

47. The apparatus of claim 41 , wherein said plurality of fluid 
transmitting vesicles comprise an array of fluid delivering needles. 

48. The apparatus of claim 47, wherein said fluid delivering 

needles are formed of metal. 
20 49. The apparatus of claim 47, wherein said fluid delivering 

needles are formed of glass. 

50. The apparatus of claim 47, wherein said fluid delivering 

needles are formed of silica. 

51 . The apparatus of claim 47, wherein said fluid delivering 

25 needles are formed of polymeric material. 

52. The apparatus of claim 41 , wherein the number of said 
plurality of fluid transmitting vesicles is less than or equal to the number 
of wells of a multi-well substrate. 
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53. The apparatus of claim 41, wherein said housing further 
includes a ,o P portion, an further comprising mechanics biasing means 
of mechanics biasing said plurality of fluid transmitting v J es ™ 
seal.ng contact with said housing bottom portion. 
5 54. The apparatus of c.aim 53, wherein each said fluid 

transmitting vesicie has a proximal end portion tha, inciudes a flange 
and further comprising a sealer element disposed between the 

tne interior volume and an external environment 

mean ' " **" "' mecha ™al basing 

means .ncludes a plural of spring eiements each of which are coupled 

:::;r;r d r mai end of each ^ « - - 

v *c,es. and a, another end ,o an inner surface o, said housing , op 
Port, n, sa,d spring element applying . mechanical force P 

15 ves,cle proximal end to form said seal. 

56. The apparatus of Cairn 41. wherein said housing further 
no udes a top portion, and further comprising securing means for 

57. The apparatus of claim 56, wherein said securing means 

:::::: rr ° f ,ast ~ n « ~ *— - 

for mounting within said apertures fnr eo • 'aswers 
and bottom portions. ™ 9 ^ * ^ *» 

58 - The apparatus of claim 41, wherein said dispensing mens 

::r es a pressure source "** - - ^ » in r 

3a.dhous.ng for disposing said ^^.^^ 
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59. The apparatus of claim 58, wherein said fluid transmitting 
vesicles are filled through capillary action, and wherein said dispensing 
means further comprises means for varying said pressure source to 
dispose said interior volume of said housing at varying pressure 

5 conditions, said means for varying disposing said- interior volume at a 
selected pressure condition sufficient to offset said capillary action to fill 
the fluid holding chamber of each vesicle to a predetermined height 
corresponding to a predetermined fluid amount. 

60. The apparatus of claim 59, wherein Said means for varying 
1 0 further comprises fluid selection means for selectively discharging a 

selected nanovolume fluid amount from said chamber of each said 
vesicle. 

61 . The apparatus of claim 41 , wherein said fluid transmitting 
vesicle has a proximal end that opens onto said interior volume of sid 

15 housing, and wherein said fluid holding chamber of said vesicles are 

sized to substantially completely fill with the fluid through capillary action 
without forming a meniscus at said proximal open end. 

62. The apparatus of claim 41 , wherein said dispensing means 
' C omprises~fluid selection means for selectively vaTyinrthB-amoanrof 

20 fluid dispensed from said fluid holding chamber of each vesicle. 

63. The apparatus according to claim 41, having plural vesicles, 
wherein a first portion of said plural vesicles include fluid holding 
chambers of a first size and a second portion including fluid holding 
chambers of a second size, whereby plural fluid volumes can be 

25 dispensed. 
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The apparatus of claim 42, wherein said fluid selection 
means comprises a pressure source cou P ,ed to said housing and in 
communications with said interior vo.ume for disposing said interior 
volume at a selected pressure condition, and 
5 adjustment means coupled to said pressure source for varying said 

Pressure within said interior vo.ume of said housing to app, y a posit L 
ressure ,n said fluid chamber of each said f,uid transmitting vesic.e to 
vary the amount of fluid dispensed therefrom. 

65. A fluid dispensing apparatus for dispensing a fluid in 
eh-** or bioiogica, procedures into one or more wells of a multi-wei, 
substrate, comprising 

formed ,h° USin9 ha ™ 9 * "'"'^ " ' b0tt0m having 

formed there.r, a plurality o, apertures, said sides and bottom portion 
defining an interior volume, 
" a piuraHty of fluid transmitting vesicles, mounted within said 

apertures having a fluid ho,ding chamber disposed in communication wi* 
said mtenor volume of said housing, 

a fluid selection and dispensing means in communication with said 
,n,er,or volume o, said housing for variably se,ec.i„g an amount o * 
20 ,u,d ,oaded with said fluid holding chambers of said vesicles to be 

dispensed from a single se, o, p,ura,i,y o, fluid transmitting vesicas, and 

the diSPenSin9 ™ anS ' — « -oun, of 

he f,u,d ,n,o the welis o, the multi-wel, substrate when the apparatus is 
deposed over and in registration with the substrate 

25 fluid seT,. " Uid d ' SPenSin9 8PPara,US °' C ' aim 65 ' ~ — 
ft- sCecon and dispensing means is adapted to select various 

amounts o, fluid to be dispensed from said singie se, of vesicas 
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67. The fluid dispensing apparatus of claim 65, wherein said 
fluid selection and dispensing means comprises a pressure source fluidly 
coupled to said interior volume of said housing for disposing said interior 
volume at a selected pressure condition. 
5 68. The fluid dispensing apparatus of claim 67, further 

compromising means for varying the pressure within the interior volume 
of the housing to select the amount of fluid to dispense from said fluid 

transmitting vesicles. 

69. The fluid dispensing apparatus of claim 67, wherein said 

10 fluid transmitting vesicles are filled with the fluid through capillary action, 
and further comprising means for varying said pressure source to dispose 
said interior volume of said housing at varying pressure conditions, said 
means for varying disposing said interior volume at a pressure condition 
sufficient to offset said capillary action to fill the fluid holding chamber of 

15 each vesicle to a predetermined height corresponding to a predetermined 
fluid amount. 

70. The fluid dispensing apparatus of claim 65, wherein said 
fluid selection means comprises: 

— a pressure source coupled to said~fiousing and~irTWmmu~nication — 
20 with said interior volume for disposing said interior volume at a selected 
pressure condition, and 

adjustment means coupled to said pressure source for varying said 
pressure within said interior volume of said housing to apply a positive 
pressure in said fluid chamber of each said fluid transmitting vesicle to 
25 vary the amount of fluid dispensed therefrom. 
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71 . A fluid dispensing apparatus for dispensing fluid in chemical 
or biological procedures into one or more wells of a multi-well substrate, 
said apparatus comprising: 

a housing having a plurality of sides and top and bottom portions 
5 of said bottom portion having formed therein a plurality of apertures, said 
s.des and top and bottom portions of said housing defining an interior 
volume, 

a plurality of fluid transmitting vesicles, mounted within said 
apertures having a fluid holding chamber sized to hold nanovolumes of 
0 the fluid, said fluid holding chamber being disposed in fluid 
communication with said volume of said housing and 

mechanical biasing means for mechanically biasing said plurality of 
sa,d transmitting vesicles into sealing contact with said housing bottom 
portion. 

5 72. The fluid dispensing apparatus of claim 71, wherein each 

sa,d fluid transmitting vesicle has a proximal end portion that includes a 
flange, and further comprising a sealer element disposed between the 
flange and an inner surface of the housing bottom portion for forming a 
pressure and fluid seal between the interna, and externa, environment. 
0 73. The fluid dispensing apparatus of claim 71 , wherein said 

mechanical biasing means includes a plurality of spring elements each of 
wh,ch are coupled at one end to said means includes a plurality of spring 
elements each of which are coupled at one end to said proximal end of 
sa,d fluid transmitting vesicle, and at another end to an inner surface of 
sard housing top portion, said spring elements applying a mechanical 
b.as,ng force to said vesicle proximal end to form said fluid and pressure 
seal. 
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74. The fluid dispensing apparatus of claim 71 , further 
comprising securing means for securing said housing top portion to said 
housing bottom portion. 

75. The fluid dispensing apparatus of claim 74, wherein said 
5 securing means comprises a plurality of fastener-receiving apertures 

formed within one of said top and bottom portions of said housing, and a 
plurality of fasteners for mounting within said apertures for securing said 
housing top and bottom portions together. 

76. The fluid dispensing apparatus of claim 71, further 

10 comprising dispensing means in communication with said interior volume 
of said housing for selectively dispensing the fluid from said fluid 
transmitting vesicles when the fluid is loaded within said fluid holding 
chambers of said vesicles, whereby said dispensing means dispenses the 
fluid into the wells of the multi-well substrate when the apparatus is 

15 disposed over an in registration with the substrate. 

77. The fluid dispensing apparatus of claim 76, wherein said 
dispensing means comprises a pressure source fluidly coupled to said 
interior volume of said housing for disposing said interior volume at a 
selected pressure conditioTT ~ 

20 78. The fluid dispensing apparatus of claim 71, wherein said 

plurality of fluid transmitting vesicles are removably and replaceably 
mounted within said apertures of said housing. 

79. The fluid dispensing apparatus of claim 71, wherein said 
plurality of fluid transmitting vesicles comprises an array of fluid 

25 delivering needles. 

80. The fluid dispensing apparatus of claim 76, wherein said 
fluid transmitting vesicles are filled with the fluid through capillary action, 
and wherein said dispensing means furth r comprises means for varying 
said pressure source to dispose said interior volume of said housing at 
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varying pressure conditions,said means for varying disposing said interior 
volumes at a selected pressure condition sufficient to offset said capillary 
action to fill the fluid holding chamber of each vesicle to a predetermined 
height corresponding to a predetermined fluid amount. 
5 81 . The fluid dispensing apparatus of claim 76, wherein said 

dispensing means comprises fluid selection means for selectively varying 
the amount of fluid dispensed from said fluid holding -chamber of each 
vesicle. 

82. The fluid dispensing apparatus of claim 71 ( further 
10 comprising a pressure source coupled to the housing and in 

communication with the interior volume for disposing the interior volume 
at a selected pressure condition, and 

adjustment means coupled to the pressure source for varying the 
pressure within the interior volume of the housing to apply a positive 
5 pressure to the fluid chamber of each the fluid transmitting vesicle to 
vary the amount of fluid dispensed therefrom. 

83. A method for forming an array of a sample material on a 
surface of a substrate comprising: 

providing a vesicle having an interior chamber containing a fluid, 
0 disposing said vesicle adjacent a first location on said surface of 

the substrate, 

controlling said vesicle to eject from said chamber a nanoliter 
volume of the fluid to dispense said fluid at said first location of said 
surface of the substrate, and 

moving said vesicle to a set of positions adjacent said surface of 
the substrate, whereby fluid is dispensed at each location of said set for 
forming said array of sample material. 
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84. A method according to claim 83, including the further step 
of providing a substrate having wells formed on said surface of the 
substrate for defining locations for receiving said fluid ejected from said 
chamber. 

5 85. A method according to claim 83, including the further steps 

of 

depositing a matrix material on a surface of said substrate. 

86. A method according to claim 85, including the further step 
of waiting a predetermined period of time to allow the solvent of said 

10 matrix material to evaporate. 

87. A method according to claim 86 wherein said step of 
ejecting a nanoliter volume of fluid includes the step of ejecting said fluid 
onto said evaporated matrix material to dissolve with said matrix material 
and to form a crystalline structure on said substrate surface. 

15 88. A method according to claim 83 including the step of mixing 

an analyte material with a matrix material to form a solution, and filling 
said interior chamber with said solution. 

89. A method according to claim 83, including the further step 
of providing said substrate with said array of sample materials isposed 

20 thereon to a diagnostic tool for determining information representation of 
the composition of said sample material. 

90. A method according to claim 89, wherein said step of 
providing said substrate to a diagnostic tool includes the step of 

providing said substrate to a diagnostic tool having a mass 
25 spectrometer. 

91. A method according to claim 83, wherein said step of 
providing a vesicle having an interior camber includes the step of 
providing a vesicle having a piezoelectric element for causing fluid to 
move through said chamber. 
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92. A method according to claim 91, wherein said step of 
moving said vesicle includes the step. of rastering said vesicle across said 
surface of said substrate. 

93. A method according to claim 83 wherein said step of 

5 providing a vesicle includes the step of providing a vesicle assembly 
having a plurality of vesicles arranged into a matrix for dispensing fluid to 
a first plurality of locations on said substrate surface. 

94. A method according to claim 93 wherein said step of 
moving said vesicle array includes the step of determining an offset 

10 signal representative of a distance for moving said vesicle assembly to a 
location adjacent said first plurality of locations. 

95. A method of according to claim 94 wherein said step of 
moving said vesicle assembly includes the step of moving said vesicle 
assembly over said surface of said substrate to form a matrix of locations 

15 having fluid ejected thereon. 

96. A method according to claim 83, including the further step 
of drawing a wash fluid into said chamber to rinse said chamber. 

97. A method according to claim 83, including the further step 
of contacting said vesicle to a source of fluid material for filling said 

20 chamber by capillary action. 

98. A method according to claim 83, including the step of 
providing a substrate material comprising silicon. 

99. A method according to claim 83, including the step of 
providing a substrate material comprising a metal material. 

25 100. A method according to claim 83, including the step of 

providing a substrate material compromising a plastic material. 

101 . A method according to claim 83, including the step of 
providing a substrate material comprising a membrane. 
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102. A method according to claim 83, including the step of 
providing a substrate material comprising a polymeric material. 

103. A method according to claim 83, including the step of 
providing a substrate material comprising metal-grafted polymers. 

5 104. A method according to claim 83, including the step of 

providing a chemically functionalized substrate -material. 

105. A method according to claim 83/ including the step of 
providing a substrate material functionalized with beads. 

106. A method according to claim 83, incfuding the step of 
10 providing a substrate material functionalized with a dendritic material. 

107. A method for analyzing a material; comprising: 

providing a vesicle suitable for carrying a fluid having said material 
therein, 

disposing said vesicle adjacent a first location of a surface of a 
15 substrate, 

controlling said vesicle to deliver a nanoliter volume of the fluid to 
provide a defined and controlled volume of said fluid at said first location 
of said surface of the substrate, 

moving saicJ"vesicle~io a secondlK)sitian~adjacenra^second 
20 location on said surface of the substrate to dispense a defined and 
controlled volume of said material along an array of locations on said 
substrate surface, and 

performing mass spectrometry analysis for said material at each 

location of said array. 
25 108. A method according to claim 107 wherein said step of 

providing a vesicle, includes the step of 

mixing a matrix material and an analyte material to form said fluid 

material. 
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109. A method according to claim 107, including the steps of 
providing a vesicle having an interior chamber suitable for holding 

a fluid, and 

filling said chamber with a matrix material and dispensing said 
5 matrix material to said array of locations. 

110. A method according to claim 107 wherein said step of 
performing mass spectrometry includes the step of performing matrix 
assisted laser desorption ionization mass spectrometry. 

1 1 1 . A method according to claim 107 wherein said step of 

10 performing mass spectrometry includes the step of performing a time of 
flight mass spectrometry analysis. 

1 12. A method according to claim 107 wherein said step of 
performing mass spectrometry includes the step of performing a fourier 
transform mass spectrometry analysis, 

15 113. Apparatus for forming an array of a sample materia! on a 

surface of a substrate, comprising: 

a vesicle having a distal end suitable for carrying a fluid thereon, 
a movable arm having a distal portion mounted to said vesicle, 
a controller for moving said arm to dispose said vesicle adjacent at 
20 fin* location on said surface of the substrate and for controlling said 
ves.cle to provide a nanoliter volume of the fluid at said first location of 
said surface of the substrate,and 

a diagnostic tool for analyzing said material to generate a 
composition signal representative of the chemical composition of said 
25 material. 

114. Apparatus according to claim 113 wherein said vesicle 
comprises a solid shaft of material. 

1 1 5. Apparatus according to claim 1 1 3 wherein said vesicle 
comprises an interior chamber suitable for carrying a fluid material. 
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1 1 6. Apparatus according to claim 113 wherein said vesicle 
comprises a chamber and a transducer element for ejecting from said 
chamber. 

117. Apparatus according to claim 1 1 3 wherein said diagnostic 
5 tool includes a mass spectrometer. 

118. A substrate having a surface carrying an array of matrix 
material and formed according to a process comprising: 

providing a vesicle suitable for transferring a fluid containing a 
matrix material, 

10 disposing said vesicle adjacent a first location on said surface of 

the substrate, 

controlling said vesicle to deliver a volume of the fluid to said first 
location of said surface of the substrate, and 

moving said vesicle to a set of positions adjacent said surface of 
15 the substrate and delivering fluid at each location of said set to form an 
array of matrix material. 

119. A substrate according to claim 1 18 having wells disposed 

on said surface. 

r2l!T~^rsubstrate accordir^t^laim~1"1 9~wherein~said-surfaceis- 

20 pitted. 

121. A substrate according to claim 1 1 8 wherein said wells have 
a rough interior surface. 
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